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IRON.  * 

•  « 

This  is  the  most  extensive,  and  by  the  most  Vallta*  I 
ble  manufacture^  of  this,  or  indeed  of  any  couhtry :  fof  1 
beside  its  intrinsic  importance,  the  perfection  of  almost  j 
every  other  manufacture  depends  upon  that  of  Iron.  >» 

Important  as  it  is,  I  know  of  none  so  long  practised  and  ; 
so  little  understood.  Almost  all  the  pfincipal  publications  ] 

relating  to  it,  I  have  at  one  time  or  other  had  occasion  to  a 

consult ;  but  little  as  I  have  seen  of  the  practice,  lam  fully 
persuaded,  that  no  reading  will  compensate  for  want  of 
opportunity  of  observing  the  actual  state  of  the  manufac-  l- 
ture  leisurely  and  patiently  in*  all  its  stages.  Howeyer,  1 
I  am  certain  that  it  will  be  a  work  of  utility,  to  digest  and  * 
condense  the  principal  facts  and  observations  that  I  can  ^ 
find  registered  in  the  publications  relating  to  this  subject. 
Those  who  desire  more  minute  information  fi*om  writers, 
will  have  to  consult. 

The  detail  of  the  Swedish  practice  in  folio  with  many 
plates  by  the  Baron  Emanuel  Swed€nl>org.  I  have  not 
met  with  this  laborious  and  important  work,  (which  I  for* 
merly  perused  w  ith  much  interest)  in  tliis  country  .  Noi 
liave  I  found  here,  | 

Rxnman^s  Historia  ferri ;  a  very'  good  book,  whicli  is 
not  yet  translated  tliat  I  know  of,  at  least  into  Englisli.  It 
is  translated  into  German.  This  was  first  published  in 
1782.  1772  the  same  author  (Sueno  Rinnuur)  published 

his  Introduction  to  the  art  of  improving  tire  manufactory 
of  Iron  and  Steel.  In  1789  his  large  Dictionary'  of  min- 
ing.  In  1784  and  in  1798  and  1800  he  published  his 
System  of  mechanics  with  their  application  to  mining  in 
conjunction  with  Erick  Nordw^all.  These  works,  of 
w  hich  I  have  seen  none  but  the  Historia  ferri,  are  regjird-  l 
ed  as  stock  books  on  the  subject,  and  ought  to  be  iit 


publick  library :  especially,  as  even  yet  in  England,  their 
best  steel  can  only  be  made  out  of  Swedish  iron. 

In  1783  I  translated  for  my  deceased  friend  Dr.  Ch. 
Taylor,  the  Dissertation  or  Thesis  de  Analyst  Ferri^  of  J. 
Gadolbij  published  by  Bergman,  which  first  gave  to  the 
public,  accurate  experiments  on  the  different  products  of 
iron  and  steel  when  treated  in  the  moist  way* 

Homers  essay  on  iron  and  steel,  12mo.  is  a  book  well 
spoken  of,  which  I  have  never  seen; 

Reaumur^ s  small  treatise  on  the  conversion  of  iron  into 
steel :  of  which  there  is  an  English  translation :  but  the  ob¬ 
servations  and  theory^  are  for  the  niost  part  superceded  by 
the  more  accurate  knowledge  of  the  present  day. 

The  works  I  have  actually  consulted  for  the  present  oc¬ 
casion,  are 

The  mineralogical  treatise  of  Schlutter^  by  Hellot,  in  3 
vols.  quarto,  of  which  there  are  two  copies  in  Philadel¬ 
phia. 

The  mineralogical  travels  of  Mr.  Jarsy  in  3  vols.  quarto. 

The  series  of  Essays  of  David  Mushety  Esq.  of  the 
Clyde  iron  works. 

Bergman'* s  dissertation  on  the  white  oi^  of  iron,  and  the 
essay  de  analyst  ferri. 

TxUoch^s  Philosophical  ma^zine. 

The  specifications  of  Mr.  Corty  and  Mr.  John  W'tU 
kinsoHy  in  the  Repertory  of  arts,  and  Dr.  Beddoes*s  account 
of  Mr.  Cort’s  process. 

The  essays  of  Dr.  Collier  on  the  steel  furnace  in  the 
Manchester  Transactions :  and  of  Mr.  Farley y  in  Dr.  Til- 
loch’s  Philosophical  magazine. 

The  detached  essays  on  steel  in  Nicholson’s  Journal :  and 

The  well-written  articles  in  Aikins^s  Dictionary,  and 
in  Ree'*s  new  Encyclop<edia.  Giving  howwer  my  own 
view  of  the  subject,  and  adding  occcisionally  my  own  re^ 
marks  uhere  I  feel  myself  entitled  to  offer  them. 


There  are  few  chemists  m  this  country  among  manu* 
factiirers,  and  I  shall  therefore  endeavour  to  make  use  of 
such  language,  that  men  who  are  not  skilful  chemists  may 
understand  me,  but  some  technical  expressions  I  must 
employ.  I  do  not  wite  for  professed  chemists,  or  to 
instruct  practical  iron  masters,  or  to  transform  suddenly 
a  pcrscMi  who  is  ignorant  of  the  subject,  into  a  skilful  foun- 
der,  or  forgeman  :  but  to  lay  together  such  observations, 
as  may'give  some  connected  ideas  to  those  who  are  not 
Iron  masters,  and  lead  those  who  are,  to  reflect  on  the 
views  which  ought  to  guide  ever)\part  of  their  process,  as 
it  comes  in  succession. 

Preliminary  observatims.  I  have  repeatedly  met  with 
persons,  who  think  that  nothing  more  is  necessary  to  ren¬ 
der  a  place  valuable  for  iron  w  orks  than  that  there  should 
be  plenty  of  iron  ore  on  it.  But,  beside  this  (which  ought 
to  be  at  least  a  20  years  stock,)  it  is  necessary  to  enquire, 
whether  there  be  plenty  of  wood  for  charcoal,  and  at  what 
price  a  permanent  and  perpetual  supply  can  be  obtained — 
w  hether  there  be  plenty  of  water  to  furnish  at  all  times  the 
necessary  force — w  hether  the  situation  be  convenient  to  a 
never  failing  market  for  the  ware  when  made — whether  it 
be  w  ithin  reach  of  water  carriage — what  other  w  orks  inter¬ 
fere  w  ith  it — whether  lime-stone  be  handy  if  it  should  be 
necessary  as  a  flux — at  what  price  per  ton  the  ore  and 
the  coal  can  be  delivered  at  the  fumace^and  what  is  the 
quality  of  the  ore  itself.  For  this  purpose,  it  may  be  w  ell 
enough,  not  merely  to  get  the  opinion  of  some  skilful  iron 
master  or  founder  in  the  first  instance,  but  also  to  get  a 
loop  or  tw  o,  run  in  a  rough  way  at  a  bloomery,  out  of  the 
ore.  When  all  this  is  satisfactorily  ascertained — when  the 
ore  bank,  and  the  woodland  is  purchased — when  the  water- 
force  for  the  blast  is  secured— the  capital  to  build  the  pur¬ 
chase  on  a  moderate  scale,  say  30  feet  square  on  the 
ground  plan ; .  to  raise  tlie  dam,  to  dig  the  race,  to  lay  on 
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die  water ;  to  construct  the  water  wheel,  the  drums,  the 
out-buildings;  to  erect,  cottages  for  the  workpeople;  to 
furnish  teams ;  to  lay  at  the  furnace  mouth  three  months 
supply  of  coal,  and  ore,  and  lime-stone  ;  to  make  roads ;  to. 
pay  wages  and  other  current  expences  for  six  months  be¬ 
fore  any  return  of  capital  is  made,  will  require  10,000 
dollars  to  enable  the  iron  master  to  go  on  smoothly,  and 
tvithout  making  sacrifices..  A  man  of  experience  in  the 
business  may  begin  with  something  less  :  but  the  experi¬ 
ment  is  rendered  hazardous,  requiring  incessant  dili¬ 
gence  ;  and  many  accidents  that  though  not  foreseen,  ought 
to  be  counted  upon,  may  def^t  the  undertaking :  moreo¬ 
ver,  to  every  calculation  of  probable  cost,  at  least  ten  per 
cent  ought  to  be  added  for  the  article  of  contingent  expen¬ 
ces,  to  which  every  new  undertaking  is  liable. 

It  is  not  common  in  England  to  erect  iron  works  widi-. 
out  making  a  bloomery,  a  slittkig  mill,  and  a  rolling  miU, 
parts  of  the  establishment.  It  ought  to  be  so  every 
where,  but  it  is  seldom  so  in  this  country. 

In  England  very  few  iron  works  depend  upon  a  water 
force :  they  are  worked  by  steam  engines :  in  this  country, 
steam  engines  are  as  yet  but  little  known.  The  time  I  hope 
is  fast  approaching,  especially  in  the  coal  districts,  when 
our  manufacturers  will  find  the  advantage  of  carrying  their 
power  to  their  works,  and  not  their  works  to  their  power. 

In  England  nine  tenths  of  all  the  iron  made,  is  made  by 
the  coak  of  pitcoal :  in  this  country,  on  the  continent 
of  Europe,  the  charcoal  of  wood  is  used,  almost  exclu¬ 
sively.  I  see  the  day  coming  when  we  also  shall  be  driven 
to  the  use  of  pitcoal,  of  which  there  is  great  abundance  in 
many  parts  of  this  country.  Hence  I  shall  not  think  it  im¬ 
proper  in  the  course  of  this  dissertation  to  present  the  rea¬ 
der  with  facts  relating  to  this  kind  of  fuel ;  for  I  am  well 
persuaded  that  in  a  few  years  they  will  become  useful. 
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Remarks  on  Iron  Ores^  the  mode  of  working  them^  and 
their  general  classification. 

The  following  remiirks  arc  from  Mr.  Mushet,  3  PhiL 
Mag*.  193. 

Iron-stones,  though  commonly  denominated  ores  of 
clay,  contain  notwithstanding  a  variety  of  mixtures,  and 
may  u  ith  propriety  be  divided  into  the  following  classes  : 

1.  Iron-stone  that  has  clay  for  its  chief  componant  eiirth^ 
and  this  clay  comparatively  pure  and  free  from  sand. 

2.  Iron-stone  possessing  linrie  for  its  chief  mixture,  and 
this  lime  also  comparatively  destitute  of  sand. 

3.  Iron-stone  that  unites  clay  and  lime,  containing  larg^ 
proportions  of  silex ;  hence,  for  distinction’s  sake,  these  may 
be  denominated  siliceous  iron-stones.  I  shall  therefore, 
in  naming  these  varieties,  use  the  following  terms  as  tliey 
are  arranged  in  succession.  Argillaceous,  calcareous,  and 
siliceous  iron-stones.  None  of  these  earths  exist  singly 
with  the  iron.  All  iron-stones  contain  a  mix t me  of  the 
three,  m  various  proportions ;  from  which  arise  tlic 
supposed  variety  of  the  qualities  of  crude  iron,  which 
each  respective  stone  is  said  to  contain.  There  are  some, 
however,  which  are  composed  of  nearly  the  same  propor¬ 
tions  of  clay,  lime,  and  silex  ;  and  these  commonly  afford, 
when  compared  with  themselves,  a  similar  queJity  of  crude 
iron. 

Nature,  in  the  formation  of  these  secondarj"  ores  of 
iron,  has  invariably  impressed  characters  upon  them,  ea¬ 
sily  to  be  developed :  by  which  means  their  qualities, 
and  the  consequent  effects  produced  in  the  blast-furnace, 
may  be  accurately  and  distinctly  prejudged.  The  source 
of  this  information  is,  the  study  of  the  nature  of  the  uni¬ 
ted  earths ;  by  ascertaining  the  quantity  and  proportion  of 
which,  we  are  enabled  to  pronounce  exactly  upon  the 
quiility  of  the  iron  likely  to  be  obtained  from  the  ore^ 
We  must  not,  however,  consider  these  characteristic  fea^ 
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tiires  as  a  consequence  of  the  metal  existing  of  a.  variety 
of  qualities  ;  but,  a  priori^  we  ought  to  consider,  that,  as 
a  consequence  of  the  nature  and  proportions  of  the  mix¬ 
ture,  the  iron  will  be  called  into  existence  in  a  state  more 
or  less  oxygenated  or  carbonated. 

When  iron-stones  are  said  to  contain  good  or  bad  iron, 
the  expression  ought  to  be  understood,  which  by  the  bye  is 
seldom  the  case,  only  as  a  comparative  assertion,  confined 
to  local  rules,  and  judged  by  certain  fixed  local  standards ; 
into  the  account  of  which  many  things  must  be  taken, 
which  iire  frequently  overlooked.  At  every  iron- work,  a 
certain  proixirtion  of  fuel,  coaks,  or  wood  char,  by  weight, 
is  understood  to  be  sufficient  to  smelt,  and  give  principle 
to  a  determinate  weight  and  quality  of  iion-stones  com¬ 
bined  together,  in  order  that  a  certain  quality  of  crude  • 
iron  may  be  produced.  In  tliis  case,  should  a  new  iron¬ 
stone  lx*  substituted  for  one  whose  quality  and  effects  are 
already  known,  and  should  its  application  be  productive 
of  iron  less  carbonated  than  formerly,  it  would  instantly 
lx  denominated  a  bad  iron-stone,  or  an  iron-stone  contain¬ 
ing  bad  iron — an  assertion  only  true  comparatitxly,  so  far 
as  it  would  affect  the  interest  of  the  manufacturer,  unless 
corrected  by  an  addition  of  fuel,  a  change  of  the  mixtures 
of  ores,  or  a  varied  application  of  the  lime-stone  used  as  a 
solvent  or  flux.  But  this  is  no  proof  that  the  quality  of  iron, 
as  it  exists  in  the  ore,  is  bad,  since  a  larger  proportion  «f 
coaks,  or  a  change  of  mixture,  which  incurs  no  addition¬ 
al  ex^xiicc,  can  correct  the  evil.  It  rather  furnishes  a  de¬ 
monstration  that  the  iron  in  all  ores  is  the  same  ;  but  that, 
in  calling  it  into  a  metallic  form,  the  quality  is  affected 
chiefly  by  the  reduction  of  those  mixtures  originally  united 
with  it. 

As  the  quality  of  the  fuel  is  impro\^ed  in  a  direct  ratio 
to  the  quantity  of  carbon  ^vhich  the  coal  contains,  and  its 
purity,  hence  arise  the  great  variety  of  caiks  used  in  stnelt- 
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ing  iron-stones  \  some  of  which  will  smelt,  and  give  prin¬ 
ciple  to  the  iron  contained  in  double  the  weight  of  the  same 
ores  that  others  will.  From  this  then  may  be  deduced 
,  another  proof,  that  and  bad  iron  are  terms  of  compa¬ 
rative  meaning  only,  confined  to  situation.  Let  it  be  con¬ 
ceived  that  a  change  of  fuel  opposite  in  its  quality  to  that 
now  mentioned  was  to  take  place ;  the  same  quantity  of 
ore,  which  with  the  good  coaks  would  have  afforded  metal 
richly  carbonated,  would  now  yield  its  produce  in  a  partial 
degree,  and  that  highly  oxygenated — almost  unfit  for  any 
purpose.  The  consequences  here  entailed  are  the  same, 
though  they  may  be  attributed  to  different  causes ;  the 
former  as  derived  from  the  hostile  mixture  of  the  ore,  but 
the  latter  as  arising  from  a  deficiency  in  the  quality  of  die 
\  coaks. 

I  Besides  diese  two  leading  instruments  of  alteration  in 

'  the  smelting  process,  inherent  in  and  derived  from  the 

•  materials,  good  and  bad  effects  may  be  produced  from  an 

j  unjust  proportion  and  quality  of  the  lime-stone,  which  is 

I  added,  in  order  that  the  proper  equilibrium  may  be  resto- 

I  1^,  and  the  iron  properly  and  beneficially  revived. 

^  Taking  this  then  for  a  general  principle,  that  the  crude 

I  iron  contained  in  all  iron-stones  is  the  same,  and  that  it 

!  can  be  called  into  existence  as  a  metal  of  all  the  various 

I  degrees  of  carbonation,  by  regulating  the  proportion  of 

!  fuel,  and  of  the  solvent ;  I  shall  proceed  to  mention  those 

•  mixtures  which  I  have  alw  ays  observ  ed  determine  the  fu- 

j  ture  quality  of  the  crude  iron. 

t  1.  Argillaceous  iron-stone  having  fine  clay  as  its  chief 

■  component  earth,  lime  in  the  next  proportion,  and  botii 

these  nearly  destitute  of  sand ;  w^hich,  when  properly  tor¬ 
refied,  exhibits  fibres  on  its  internal  surface,  of  a  brown^ 
i  dark  brown,  or  claret  colour,  running  either  in  streaks  or 

radiated,  and  adhering  tenaciously  to  the  tongue,  will  af¬ 
ford,  with  a  moderate  proportion  of  coaks  and  lime-stone, 

I 

I  1 

I  l 

'  i 
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iron  of  the  finest  quality,  possessing  strength  conjoined 
tvith  an  intimate  degree  of  fusibility. 

2.  Calcareous  iron-stone,  diat  \diich  contains  lime  a» 
its  principal  earthy  mixture ;  holding  clay  in  the  next  pro¬ 
portion,  and  both  these  comparatively  unallayed  (totally 
they  never  are)  with  sand ;  which,  when  regularly  torre¬ 
fied,  assumes  a  variety  of  shades  generally  lighter  in  the 
colour  than  the  former  class;  which  sometimes,  and 
sometimes  not,  presents  internal  fibres,  ^d  which  adheres 
less  tenaciously  to  the  tongue ;  always  contains  iron,  which 
can  be  revived,  richly  carbonated  with  a  comparatively 
small  quantity  of  coaks,  and  with  a  trifling  addition  of 
lime.  Under  this  class  of  iron-stones  are  found  those 
which  produce  iron  of  a  fusible  nature,  seldom  connected 
with  strength,  but  valuable  for  its  utility  in  fine  castings, 
which  require  ornament  more  than  durability.  It  is  also 
from  this  source  of  mixture  that  I  would  trace  the  red 
short  quality  of  bar-iron.  The  nature  imposed  upon 
crude  iron  in  the  blast-furnace  by  the  developement  of  its 
mixtures,  most  commonly  accompanies  it  through  all  its 
subsequent  stages  of  existence  as  a  metal. 

3.  Those  iron-stones  whose  component  parts  are  nearly 
an  equalised  mixture  of  clay,  lime  and  sand,  which  torrefy 
with  a  slight  degree  of  adhesion  to  the  tongue,  assuming 
a  dark-red  or  brownish  colour,  void  of  internal  fibre,  al¬ 
ways  afford,  with  the  local  proportion  of  fuel,  iron  of  an  in¬ 
termediate  quality  for  fusibility  and  softness,  but  generally 
possessing  strength  in  an  eminent  degree.  Such  iron  is 
excellently  adapted  for  the  manufacture  of  great  guns,  mor¬ 
tars,  and  the  large  species  of  machinery.  Its  application 
to  the  purpose  of  bar-iron  making,  would  also  be  attended- 
with  the  most  beneficial  effects,  possessing  neither  the  ex¬ 
treme  of  fusibility  nor  of  infusibility  :  it  would  greatly  pre¬ 
vent,  in  the  manufacturing,  a  tendency,  which  iron  possess 
cd  of  these  extremes  has,  to  become  red  or  cold  short. 


4.  Iron-stones  which  unite  a  large  proportion  of  sand 
w  iih  sparing  proportions  of  clay  and  lime,  which,  upon  be¬ 
ing  slightly  exposed  to  heat,  exhibit  masses  of  semivitrifi¬ 
cation,  neither  obedient  to  the  magnet,  nor  adhesive  to  the 
tongue,  liaving  a  refractor}^  disposition  to  part,  and  pos¬ 
sessing  a  dark-blue  or  black  colour,  always  afford,  with 
tlie  usual  proportion  of  fuel,  crude  iron  of  the  worst  qua¬ 
lity,  either  as  to  strength  or  fusibility.  Such  metal  is 
commonly  highly  oxyginated,  and  brittle ;  incapable  of 
being  used  alone  for  any  melting  purpose  ;  and,  when  ap¬ 
plied  to  thc^use  of  the  forge,  affords  malleable  iron,  which 
possesses  the  cold  short  quality. 

These  are  the  four  principal  classes  under  which  I  have 
arranged  our  iron-stones,  with  regard  to  their  tendency  to 
afford  their  iron  carbonated,  possessing  strength,  or  other¬ 
wise,  when  smelted  in  the  blast-furnace  with  a  determinate 
quantity  of  fuel.  As  this  classification  is  exactly  analo¬ 
gous  to  the  results  obtained  in  the  large  way,  it  may  serve 
as  a  ground-work  to  those  who  may  wish  to  attain  a  prac¬ 
tical  knowledge  of  these  ores,  so  far  as  it  relates  to  their 
manufactuR\ 

It  is  however  easy  to  counteract  the  natural  tendency 
which  every  iron-stone  has  in  tliis  case,  to  afford  its  iron  of 
a  certain  quality,  and  to  make  each  of  them  yield  crude 
iron  of  all  the  different  degrees  of  fusibility  and  strengths 
Is  it  not  obvious,  that  since  the  qualities  of  crude  iron  de¬ 
pend  upon  the  mixtures  and  their  kinds  composing  the 
stones,  that  if  nature  be  assisted  by  adding  or  subtracting 
from  them  in  the  blast-furnace,  every  quality  of  crude  iron 
may  be  produced  from  the  same  iron-stone  ?  I  have  seen 
most  of  these  results  determined  in  the  large  way,  and  the 
whole  of  tliem  beautifully  confirmed  in  tlie  assay-furnace. 

It  remains  with  the  present  manufacturer  to  consider 
whether  it  will  be  more  his  interest  to  reject  such  iron¬ 
stones  as  are  of  difficult  carbonation,  or  to  apply  the  neces- 
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sary  additional  proportions  of  fud,  capable  of  correcting 
the  quality  of  silicious  iron-stones.  ’  Not  so,  however,  to 
those  who  may  at  some  future  period  succ^d  him ;  ne» 
cessity,  at  all  times  ingenious,  assisted  by  the  increasing 
light  which  science  daily  sheds  over  our  manufactures, 
will  devise  the  means  of  calling  into  profitable  existence 
the  metal  contained  in  all  those  ores  which  may  have  fal¬ 
len  into  disrepute  in  the  present  day,  or  from  which  at  thb 
time  it  is  thought  impracticable  to  extract  metal  in  the 
large  way. 

The  usual  criterions  by  which  iron-stone  is  judged, 
whether  it  be  sufficiently  rich  in  iron  for  the  purpose  of 
smelting,  are  the  following  : 

1.  The  degree  of  tenacity  with  which  it  adheres  to  the 
tongue  after  torrefaction ;  2;  Its  colour :  3;  The  obedi¬ 
ence  to  the  magnet  when  pulverised  :  4.  By  depriving  of 
its  iron  a  given  weight  of  the  ore^  in  contact  vvith  charcoal 
and  fusible  earths  in  the  assay-furnace. 

The  first  and  third  of  these  methods  are  liable  to  great 
error.  The  adhesion  to  the  tongue  w  ill  be  more  in  pro¬ 
portion  to  the  quantity  of  its  clay  and  its  kind  contained  in 
the  stone,  than  to  its  real  contents  in  iron;  Iron-stone 
may  also  be  torrefied  in  such  a  manner  as  to  deprive  its 
internal  surface  of  this  property ;  as  it  is  only  peculiar  to 
the  stone  at  a  certain  stage  of  torrefaction; 

Those  iron-stones  with  which  Britain  so  much  abounds, 
and  which  are  now  universally  used  for  the  production  of 
cast-iron  with  pit-coal,  are  commonly  found  in  horizontal 
strata,  subject  to  the  same  acclivity  and  declivity  with 
the  other  stratified  substances  under  the  surface;  their 
inclination  from  the  horizon  varying  according  to  the  na¬ 
ture  of  the  ground,  and  the  disposition  of  the  imbedding 
and  incumbent  strata;  Such  variety  is  exhibited^  that 
strata  of  iron-stone  are  found  descending  1  yard  in  24,  1 
in  12, 1  in  8,  and  sometimes  1  in  4.  Where  the  accii- 
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vity  or  declivity  of  the  metals  is  small,  the  most  extensive 
and  regular  fields  of  iron-stone  are  to  be  found,  and  vice 
versa  where  the  metals  lay  more  on  edge. 

Iron-stones  are  generally  found  imbedded  in  schistous 
clay  more  or  less  compact,  but  which  moulders  away  when 
exposed  to  air.  They  assume  two  different  forms :  regu- 
lai'  connected  strata  called  bands^  and  strata  of  detached 
stone  found  in  distinct  masses,  from  the  size  of  the  small¬ 
est  bullet  to  the  weight  of  several  hundred  pounds. 
Those  of  the  small  and  middling  sizes,  and  w  hich  gene¬ 
rally  wear  a  flat  ovular  form,  are  called  ball-stones :  those 
of  greater  weights  are  by  the  w  orkmen  denominated  lunk- 
ers- 

Both  these  species  of  iron-stone  frequently  accompany 
coal  and  limestone.  In  the  former  case  they  are  common¬ 
ly  incumbent,  and  found  almost  in  immediate  contact 
with  the  coal :  little  extra  labour  is  tlierefore  requisite  t» 
bring  dow  n  the  stone  ;  and  the  double  purpose  of  obtain¬ 
ing  both  materials  is  thus  advantigeously  answ^ered. 

When  iron-stone  in  bands  accompiuiies  limestone,  it 
is  most  commonly  of  im  inferior  quality.  Its  component 
parts  are  chiefly  calcareous,  and  the  quantity  of  iron  it 
contains  is  small.  Ball  iron-stones  found  near  to  lime  are 
of  a  much  superior  quality,  and  for  the  most  part  contain 
a  considerable  proportion  of  iron. 

Thus  stratified  in  the  vicinity  of  lime,  many  iron-stones 
are  found  w  ith  various  impressions  of  marine  remains ; 
and  not  unfrequently  compact  and  entire  shells,  univalve 
and  bivalve,  are  found  in  the  heart  of  the  band.  It  is 
however  still  more  difficult  to  conceive  how  shells  could 
be  deposited,  distant  from  lime,  imbedded  in  iron-stone; 
incumbent  on  coal,  at  the  great  deptli  ol'  80  yards  from  the 
surtace.  In  our  neighbourhood,  at  this  depth,  a  small 
bej^d  o]  iron-stone  is  tbund  completely  covered  and  inter¬ 
spersed  w  iih  distinct  muscles  of  an  ordinary  size. 
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The  Rottenbum  Imn-stone  of  Lancashire,  consists  of  a 
band  ujid  lui  accompanying  ball.  The  former  abounds 
witii  tine  spc*cimens  of  the  ramitication  of  trees,  shrubs, 
&c.  In  the  process  of  decay,  luid  tlie  substitution  of  mi* 
neral  in  place  of  vegetable  substance,  tlie  more  ligneous 
p;iri  s  and  ihc  bark  are  distmctly  preserved  fircMn  the  heart 
of  the  shoot. 

This  iron-stone  contains  371b.  in  100  extremely  sus* 
fepcible  oi  receiving  the  carbonaceous  principle. 

Anotlier  ^'aritty  ol’  iron-stone,  which  we  have  in  this 
country,  and  which  will  lx;  deemed  no  less  curious  by 
the  mineralogist,  affords  maltha,  bitumen,  mineral  pitch, 
&c.  This  combustible  is  found  in  the  heart  of  kirge  flat 
rounded  balls  of  iron-stone,  occupying  a  number  of  inter¬ 
stices,  and  resembling  a  cement  for  the  frittered  pieces  of 
stoix*.  The  distillation  of  437  grains  afforded  me  a  rough 
light  ch  irco  il,  which  weighed  only  49  grains ;  this,  when 
exposed  to  fire  in  coniact  with  air,  burnt  without  a  resi¬ 
due.;  hence  I  conciudj  it  to  be  pure  carborn.  This  iron¬ 
stone  in  the  assa}' -furnace  yields  36  pounds  of  iron  in  100. 

All  these  s;ruta  of  iron-stone  bear  the  most  evident 
marks  of  the  agency  of  water. 

Working  of  Iron-stone. 

When  iron-stone  is  found  near  the  surtiice,  it  is  only 
necessary  to  unbare  the  soil  and  the  super-incumbent 
earths ;  the  stone  then  presents  itself  like  a  pavement  more 
or  less  inclined,  and  is  easily  raised  by  the  application  of 
wedges,  bars,  &c.  8ec.  But  as  all  second.jy  strata  de¬ 
scend,  according  to  the  declivity  imposed  upon  them  by 
nature  in  their  formation,  it  is  obvious  that,  in  proportion 
as  the  excavation  extends  at  right  angles  to  the  line  of 
level,  the  stone  becomes  gradually  buried  under  an  accu¬ 
mulating  depth  of  earth,  till  such  time  is  the  ex{xnee  of 
throwing  this  off  exceeds  either  tlie  value  of  the  stone,  or 


the  expence  at  which  it  could  be  procured  by  a  different 
mode  of  operation.  It  therefore  becomes  necessarj"  to 
make  perforations  by  means  of  horizontal  galleries,  extend¬ 
ed  under  the  soil,  so  as  to  fall  in  with  the  declivity  of  the 
strata :  these  catch  tlie  inclining  stone  for  a  stretch  of 
100  to  240  yards,  according  to  the  existent  circiimstaiu 
ces  of  the  mine. 

These  galleries  are  In  Scotland  called  the  barrow  roads. 
Whenever  the  miner  has  arrived  at  the  extremity  of  his 
working,  he  turns  round  and  commences  an  excavation 
on  his  right  and  left  hand,  proportioned  to  the  rise  iind  dip 
of  the  stone,  to  the  extent  of  several  yards  on  each ;  the 
accompanying  shist  and  rubbish  are  packed  into  the  va- 
cuity  behind  him :  should  there  remain  any  superfluity 
unpacked,  it  is  wheeled  to  the  mouth  of  the  gallery  along 
with  the  iron-stone.  In  this  manner  the  miner  returns, 
and  brings  along  with  him  the  whole  iron-stone  contained 
in  100  to  240  yards  in  length,  and  in  20  to  30  yards  in 
width.  The  height  of  the  gallerj^  is  commonly  so  small, 
that  the  miner  is  obliged  to  perform  his  work  upon  his 
side :  the  wheelers  are  likewise  obliged  to  push  the  bar- 
row  on  all  fours.  This  specie's  of  working  is  called  under 
cover ;  and  the  attainment  of  a  band  of  good  iron-stone, 
though  only  four  inches  tliick,  will  sufficiently  defray  the 
expence  of  the  operation.  It  is  here  also  obvious,  that 
this  operation  can  only  be  carried  a  certain  length  in  the 
same  galleiy^  till  such  time  as  the  expence  of  w’heeling  out 
the  stone  must  exceed  the  value  of  that  share  of  labour 
generally  appropriated  to  it..  A  more  economical  method 
is  therefore  indispensibly  requisite.  This  is  effected  by 
sinking  a  pit  160  to  200  yards  farther  on  the  same  line  of 
level.  When  the  iron-stone  is  found,  the  miner  sets  off 
another  galler}',  or  barrow  road,  towards  his  former  work- 
ing,  iind  continues  till  he  meets  the  termination  of  his  old 
vm$.te:  as  formerl}  ,  he  now  begins  his  retreat;  and  carries 
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with  him  a  similar  portion  of  iron-stone  from  each  side  of 
the  galler}'.  The  quantity  of  iron-stone  by  weight  obtain¬ 
ed  from  such  a  workin^y  depends  entirely  upon  its  extent 
and  the  thickness  of  the  band.  A  square  yard  of  iron¬ 
stone  containiner  9  cubical  feet,  as  it  lays  stratified,  will 
weigh  from  1850  to  1900  pounds  weight.  The  other 
side  of  the  pit  is  next  jxrforated,  and  the  same  operation 
completed.  When  the  iron-stone  is  thus  exhausted,  ano¬ 
ther  pit,  sunk  at  a  similar  distance  from  the  termination 
of  the  second  gallery  in  the  first,  ojx^ns  up  a  new  field  of 
supply.  In  this  manner  iron-stone  is  continued  to  be 
raised,  till  such  time  as  the  field  is  totiJly  exhausted. 

These  extensive  excavations  commonly  collect  a  con¬ 
siderable  quanrity  of  water,  which  would  soon  impede  the 
progress  of  the  workmen:  various  means  have  been  con¬ 
trived  to  remove  this  consequent  obstruction.  These  have 
chiefly  consisted  in  running  a  counter  gallery  as  far  to  the 
declivity  of  the  metals  as  possible,  and  of  passing  the  wa¬ 
ter  into  it  by  means  of  filtration,  or  communications  be¬ 
twixt  gallery  and  gallery".  Where  a  sufficient  quantity 
of  running  water  presents  itself,  water-wheels  have  been 
applied,  to  extract  the  water  from  one  general  reservoir 
by  means  of  pumps. 

Strata  of  iron-stone  are  from  1-2  an  inch  to  12  inches  in 
thickness.  Those  of  3,  4,  5  and  6  inches  are  most  com¬ 
monly  met  with ;  they  are  also  reckoned  to  contain  a 
quantity  and  quality  of  iron  superior  to  larger  bands. 
Ball  and  lunker  iron-stone,  however  large,  contain  always 
a  superior  quantity  of  iron,  and  are  easier  reduced  in  the 
blast-furnace,  ( Miishet,) 

On  Iron  Ores  particularly y 

1st.  As  to  the  state  of  the  iron  as  it  is  contained  in  the 

ore. 

2dly.  As  to  the  quantity  of  the  iron  contained  in  the  ore. 
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3dly.  As  to  the  kinds  and  proportions  of  earths,  uitli 
which  the  iron  ore  is  mixed. 

As  to  the  state  of  the  iron  as  it  is  contained  in  the  ore. 
Iron  ores  contain  the  iron  either  combined  with  sulr 
phur :  or  with  sulphur  and  arsenic ;  or  mixed  with  copper 
ore :  or  with  manganese  :  or  in  the  state  of  an  ochre  or 
oxyde  :  or  in  the  state  of  what  the  chemists  call  an  oxy- 
diile,  frequently  magnetic  and  more  approaching  to  the 
metallic  state  :  or  combined  with  acids,  and  forming  sa¬ 
line  substances,  such  as  green  vitriol,  &Ci 

The  sulphiwetted  ores,  are  usually  called  P}  rites ;  they 
are  often  of  a  metallic  gold  colour,  hard,  and  brittle,  giv¬ 
ing  fire  with  steel.  These  are  seldom  worked,  unless  to 
collect  the  sulphur,  or  to  make  green  vitriol.  But  seve¬ 
ral  ores  worth  working,  contain  also  sulphur,  or  arsenic, 
or  both.  This  can  be  ascertained  by  reducing  them  to 
powder,  and  exposing  them  to  a  cheny  -red  heat,  w  hen 
tlie  smell  will  generally  detect  both  the  sulphur  and  the 
arsenic.  The  fumes  of  the  latter  also,  will  whiten  copper. 

Ores  much  mixed  with  copper,  can  seldom  be  worked 
witl^  profit  in  a  furnace.  The  mixed  metal  is  brittle  and 
bad.  Some  ores  at  Cornwall  furnace,  (Mr.  Coleman’s) 
are  of  this  kind,  and  are  not  worked. 

Ores  are  very  often  mixed  with  a  notable  proportion  of 
niangiuiese,  as  I  have  seen  them  at  the  Dunham  works, 
that  formerly  belonged  to  Jos.  Galloway.  This  mixture 
is  a  detriment,  though  of  late  it  has  been  proposed  to  give 
the  properties  of  steel  to  iron  by  means  of  manganese,  in  a 
large  way.  These  ores  are  blackish,  and  give  a  full  green 
slag  with  common  white  glass  and  potash  as  a  flux. 
Nickel,  Crome,  and  Phosphorus  are  also  frequently  com¬ 
bined  with  iron,  but  it  requires  much  chemical  skill  to 
separate  them  accurately.  In  a  large  way,  they  must  be 
separated  in  the  bloomcry  and  by  the  hammt  r. 

The  oxyde^  of  iron,  and  tlte  iron  combined  with  carbo^ 
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nic  acid,  are  usually  worked  to  profit,  as  in  the  common 
mountain  iron-stone,  and  the  bog-ores. 

The  salts  of  iron  (unless  the  carbonat  of  iron  be  so  call« 
ed)  are  never  smelted  for  the  purpose  of  obtaining  metal. 

Whether  an  ore  be  magnetic  or  not,  is  no  criterion  whe¬ 
ther  it  be  worth  working  or  not.  This  quality  has  influ¬ 
ence  only  on  the  quantity  of  carbonaceous  matter  necessa¬ 
ry  to  metallize  the  iron. 

As  to  the  quantity  of  iron  contained  in  an  ore.  Whe¬ 
ther  it  be  worth  working  or  no,  depends  less  upon  tins 
criterion,  than  upon  the  circumstances,  whether  it  can  be 
easily  gotten,  and  easily  and  cheaply  fixed.  The  shining 
sulphureous  pyrites  often  contains  more  than  fifty  per  cent 
of  metal,  and  is  not  worth  working  :  the  poor  ore  of  Staf¬ 
fordshire,  in  England,  that  does  not  yield  more  than  from 
16  to  20  per  cent,  is  a  profitable  concern,  because  it  is  ea¬ 
sily  reduced  to  a  metalline  state,  cUid  when  so  reduced  is 
of  good  quality. 

As  to  the  kinds  and  proportions  of  earths  with  which 
the  stone  is  mixed.  Let  it  be  remembered,  that,. 

The  earth  that  gives  the  character  to  common  clay,  and 
to  clay  stones  is  called  argillaceous  earth.  The  earth  that 
gives  the  character  to  limestone,  is  called  calcareous  earth. 
The  earth  that  gives  the  character,  to  quartz,  flint,  whether 
transparent  or  opaque,  to  flinty  sandstone  and  stones  of 
that  hard  nature,  which  scratch  glass,  and  give  fire  with 
steel,  is  called  siliceous  earth.  The  earth  that  gives  tlie 
character  to  soapstone,  and  stones  of  that  class,  that  appeiu* 
soft  and  greasy  to  tlie  touch,  is  called  magnesian  earth. 
Iron-stones  contain  the  latter  in  so  small  proportion  for 
the  most  part,  that  its  effects  need  not  be  noticed :  but  the 
rest  are  of  great  imporUince  to  be  known ;  for  whether 
any  limestone  ought  to  be  added  as  a  flux,  or  in  what  pro¬ 
portion,  depends  on  the  kind  and  quantity  of  the  earth, 
that  envelopes  the  particles  of  iron. 


Before  I  class  iron  ores  in  this  respect,  I  would  observe, 
thut  it  is  necessary  to  bring  the  iron  into  a  metalline  state 
which  is  done  by  charcoal  and  heat,  AlsOj  that  when 
to(3Ught  into  a  metalline  state,  it  w^ill  not  fall  down  and 
unite  in  one  mass,  but  be  enveloped  in  separate  particles 
among  the  coals,  unless  the  coals  and  the  earths  of  the 
stone,  are  brought  into  fusion,  and  made  into  a  glass  so 
thin  that  the  particles  of  metal  by  their  superior  weight, 
will  fall  through  them.  This  is  done  by  knowing  in 
.what  way  the  etirths  can  be  so  mixed,  as  to  be  brought 
into  thin  fusion,  by  the  usual  fire  of  a  furnace. 

On  the  Jinxes  of  Iron  ores. 

The  principles  on  which  all  earthy  fluxes  depend,  is, 
that  no  earth  is  fusible  alone — ^that  argillaceous  and  sili¬ 
ceous  earths  together  are  infusible — that  argillaceous  and 
magnesian  earths  together  are  infusible — that  silicious 
earths  and  magnesian  earths  together  are  infusible— but 
that  when  lime  or  limestone  (calcareous  earth)  is  added 
to  any  mixture  of  the  other  tw  o,  they  will  run  into  a  glass, 
which  will  be  tliin  and  fluid  w  ith  the  same  application  of 
heat,  in  proportion  to  the  judicious  mixture  of  the  several 
earths.  M.  D’Arcet,  a  French  chemist,  made  this  experi¬ 
ment  :  He  put  into  one  crucible  a  round  marble  of  clay, 
into  another  a  ball  of  the  same  size  of  quartzose  or  siliei«» 
ous  sandstone,  into  another,  a  biill  of  the  sitme  size  of 
chalk  ;  and  exposed  them  to  a  violent  heat  in  the  same 
furnace  for  the  same  length  of  time.  They  were  all  un¬ 
charged,  except  where  the  chalk  ball  had  touched  the  cru¬ 
cible  ;  in  that  place,  there  was  the  appearance  of  fusion. 
He  put  all  thrc*e  balls  togetlier,  first  reducing  them  to 
ix)wder  and  mixing  them.  In  a  short  time  the  same  fur¬ 
nace  melted  them  into  a  transparent  glass. 

Moreover  tlie  experiments  of  Mr.  Kirwan  fuwc  ascer¬ 
tained 
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,  •  That  argillaceous  and  siliceous  earths-^argillaceous  and 
magnesian  earths — siliceous  and  magnesian  earths,  would 
not  mek  in  \^iiatever  proportions  they  were  mixed. 

That  siliceous  and  calcareous  earths — argillaceous  and 
calcareous  earths,  by  veiy^  strong  heat  might  be  vitrified, 
but  not  into  a  perfect  and  thin  glass. 

That  when  the  earths  are  calcareous,  argillaceous  and 
magnesian,  it  requires  that  the  lime  should  be  in  a  double 
portion  to  make  a  glass. 

That  no  glass  can  l^e  produced  if  the  clay-earth  or  the 
magnesian  earth  predominate. 

That  calcareous  earth,  argillaceous  earth,  and  siliceous 
earth — or,  calcareous  earth,  magnesian  earth,  and  siliceous 
earth — can  be  brouglit  into  perfect  fusion  if  the  calcareous 
earth  somewhat  predominate*  And  that  by  means  of  a 
strong  heat,  a  perfect  glass  may  be  produced  by  siliceous, 
argillaceous  and  magnesian  earths  alone,  without  lime : 
and  that  this  is  the  only  combination  he  tried,  in  which 
limestone  earth  was  not  absolutely  necessary  in  the  mix- 
tiu*e,  to  make  glass. 

He  further  ascertained,  that  all  the  metallic  oxyds,  and 
of  course  that  of  iron,  assisted  in  producing  fusion :  also, 
tiiat  common  clay  contains  one  half  or  more  of  its  weight 
Usually  of  sand,  intim.ately  mixed. 

.  Hence  limestone  earth,  or  calcareous  earth,  may  be  re¬ 
garded  as  the  substance  most  fit  in  an  economical  point 
of  view  to  bring  other  earths  into  thin  fusion ;  for  which  | 

purpose  it  should  be  in  the  proportion  of  1  1-2  or  nearly 
2  to  1  of  that  eartlj  which  predbminates  in  the  iron-stone. 

Hence,  if  clay  predominate  in  the  iron-stone,  (or,  eartli  ; 

of  which  pure  clay  is  the  basis)  the  flux  is  limestone :  and 
on  tl\e  contrary  if  the  iron  be  mixed  w  ith  limestone,  the  : 

proper  flux  is,  not  limestone,  but  clay. 

,  Also,  that,  herein  consists  much  of  the  practical  know-  \ 

ledge  of  as.‘>orting  ores,  namely  to  mix  together  such  ores,  j 
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Before  I  class  iron  ores  in  this  respect,  I  would  observe, 
thc.t  it  is  necessary  to  bring  the  iron  into  a  metalline  state 
which  is  done  by  charcoal  and  heat.  AlsOj  that  when 
fought  into  a  metalline  state,  it  will  not  fall  down  and 
unite  in  one  mass,  but  be  envelojKd  in  separate  particles 
among  the  coals,  unless  the  coals  and  the  earths  of  the 
stone,  are  brought  into  fusion,  and  made  into  a  glass  so 
thin  that  the  particles  of  metal  by  their  superior  weight, 
will  fall  through  them.  This  is  done  by  knowing  in 
what  way  the  earths  can  be  so  mixed,  as  to  be  brought 
into  thin  fusion,  by  the  usual  fire  of  a  furnace. 

On  the  Jinxes  of  Iron  ores. 

The  principles  on  which  all  earthy  fluxes  depend,  is, 
that  no  earth  is  fusible  alone — that  argillaceous  and  sili¬ 
ceous  earths  tc^ther  are  infusible — that  argillaceous  and 
magnesian  earths  together  are  infusible — that  silicious 
earths  and  magnesian  earths  together  are  infusible— but 
that  when  lime  or  limestone  (calcareous  earth)  is  added 
to  any  mixture  of  the  other  two,  they  will  run  into  a  glass, 
which  will  be  thin  and  fluid  w  ith  the  same  application  of 
heat,  in  proportion  to  the  judicious  mixture  of  the  several 
earths.  M.  D’ Arcet,  a  French  chemist,  made  this  experi¬ 
ment  :  He  put  into  one  crucible  a  round  marble  of  clay, 
into  another  a  ball  of  the  same  size  of  quartzose  or  silici¬ 
ous  sandstone,  into  another,  a  bidl  of  the  siime  size  of 
chalk  ;  and  exposed  them  to  a  violent  heat  in  the  same 
furnace  for  the  same  length  of  time.  They  were  all  un¬ 
charged,  except  where  the  chalk  ball  had  touched  the  cru¬ 
cible  ;  in  that  place,  there  was  the  appearance  of  fusion. 
He  put  all  three  balls  together,  first  reducing  them  to 
powder  and  mixing  them.  In  a  short  time  the  same  fur¬ 
nace  melted  them  into  a  transparent  glass. 

Moreover  tlie  experiments  of  Mr.  Kirvvan  h;\vc  ascer¬ 
tained 


,  •  That  argillaceous  and  siliceous  earths-^argillaceous  and 
magnesian  earths — siliceous  and  magnesian  eaitiis,  would 
not  meh  in  wiiatever  proportions  they  were  mixed. 
That  siliceous  and  calcareous  earths — argillaceous  and 
calcareous  earths,  by  ve^  strong  heat  might  be  vitrified, 
but  not  into  a  perfect  and  thin  glass. 

That  when  the  earths  are  calcareous,  argillaceous  and 
magnesian,  it  requires  that  the  lime  should  be  in  a  double 
portion  to  make  a  glass. 

That  no  glass  can  l^e  produced  if  the  clay-earth  or  the 
magnesian  earth  predominate. 

That  calcareous  earth,  argillaceous  earth,  and  siliceous 
earth — or,  calcareous  earth,  magnesuin  earth,  and  siliceous 
earth — can  be  brought  into  perfect  fusion  if  the  calcareous 
earth  somewhat  predominate*  And  that  by  means  of  a 
strong  heat,  a  perfect  glass  may  be  produced  by  siliceous, 
argillaceous  and  magnesian  earths  alone,  M’ithout  lime : 
and  that  this  is  the  only  combination  he  tried,  in  which 
limestone  earth  was  not  absolutely  necessary  in  the  mix- 
tiu*e,  to  make  glass. 

He  further  ascertained,  that  all  the  metallic  oxyds,  and 
of  course  that  of  iron,  assisted  in  producing  fusion ;  also, 
tiiat  common  clay  contains  one  half  or  more  of  its  weight 
Usually  of  sand,  intim.ately  mixed. 

.  Hence  limestone  earth,  or  calcareous  earth,  may  be  re¬ 
garded  as  the  substance  most  fit  in  an  economical  point 
of  view  to  bring  other  earths  into  thin  fusion ;  for  which 
purpose  it  should  be  in  the  proportion  of  1  1-2  or  nearly 
2  to  1  of  that  eartki  which  predominates  in  the  iron-stone. 

Hence,  if  clay  predominate  in  the  iron-stone,  (or^eardi 
of  which  pure  eday  is  the  basis)  the  flux  is  limestone :  and 
on  tlie  contrary  if  the  iron  mixed  with  limestone,  the 
proper  flux  is,  not  limestone,  but  clay. 

,  Also,  that,  herein  consists  much  of  the  practical  know¬ 
ledge  of  asF/orting  ores,  namely  to  mix  together  such  ores, 
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as  may  contribute  to  flux  each  otlicr,  being  with  difficulty 
fluxed  alone. 

Hence  also,  appears  the  necessity  of  this  knowledge,  in 
order  to  save  coals,  to  siive  time,  aixl  to  prevent  the  iron 
from  being  enUingled  and  enveloped  in  a  thick  unyield¬ 
ing  refractory  slag,  or  scoria. 

Hence  also,  the  necessity  of  be  ginning  your  operation^ 
by  try  frig  what  earth,  and  in  what  proportions  your  ore 
contains :  that  is,  to  analvse  your  ore. 

Of  coui>e,  my  next  section  u  ill  treat  of 

The  Analysis  of  Iron  ores-  Chemists  usually  agree 
tliat  the  constitueni  parts  of  an  ore,  cannot  be  accurately 
knoun  unless  by  analysing  it  in  tlx  moist  way;  that  is, 
by  solution  in  acids  or  alkalies,  and  by  precipitating  the 
substances  dissolved,  by  means  of  u  hat  arc  called  re¬ 
agents.  1  am  of  this  opinion  too.  But  such  an  accu¬ 
rate  analysis  is  not  practically  necessar}’,  nor  is  it  practi¬ 
cally  true :  for  in  the  course  of  operations  of  a  large  mtuiu^ 
fac.ure,  it  is  not  to  be  expected  that  the  iron  yielded  by  a 
thousand  ton  of  ore,  will  correspond  with  the  result  of 
the  aniilysis  of  an  ounce. 

The  best  mode  in  my  opinion  is  to  proceed  in  the 
small  M  ay,  pretty  nearly  upon  the  same  plan  that  you 
proceed  in  the  large  uay. 

Tht‘  two  objects  then  are  ,  first,  to  find  out  what  propor¬ 
tion  of  flux  your  ore  will  require,  and  of  what  kind,  so  as 
to  be  iused  most  compleatly  at  the  slightest  expence.  2dlyv 
Fii.d  out  how  much  iron  you  can  procure  by  means  of 
fin  and  fluxes,  out  of  a  given  weight  ol  ore. 

Il  you  have  not  the  means  of  a  good  wind  funiacc^ 
you  must  go  to  a  blacksmith’s  shop  for  the  pui*jX)se. 
But  every^  establishment  of  iron  w'orks,  ought  to  have  an 
assay  iumace ,  oi  w  hich  the  surface,  should  be  3  feet  from 
die  ground  :  the  tun;ace  hok  20  inches  deep,  14  incl^ 
wide  at  the  bottoni,  12  inches  w  ide  at  the  top :  the  cruci- 
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ble-stand,  should  be  6  inches  hig-h  from  the  centre  of  the 
grate,  wherein  there  should  be  an  even  platiorni  oi  4  inch¬ 
es  diameter  to  receive  it  and  enalile  it  to  stand  steady.. 
At  6  inches  from  the  top  of  the  furnace  there  should  be 
an  horizontal  side  flue  of  6  inches  by  6  inches,  and  9  inches 
long,  with  one  end  opening  into  the  furnace,  and  the  other 
into  the  upright  chimney. .  The  chimney  should  be  6  inches 
by  9  inches  or  thereabout,  and  not  less  than  20  feet*hi<7h.. 
T1  le  cover  should  be  of  fire  clay  mixed  with  burnt  brick, 
well  beaten,  and  burnt,  and  enclosed  in  a  wrought  iron 
frame  w’ itli  a  handle  to  lift  it  on  and  off  by. .  This  cover 
should  fit  accurately  to  the  surface  of  the  furnace,,  and  be 
at  least  14  inches  square. .  Witli  such  a  furnace,  heat 
enough  may  be  given  for  most  experiments,  especidh*  if 
about  1-2  of  die  coak  of  pitcoal  be  mixed  widi  the  char- 
€o  d ;  neither  of  these  ought  to  be  used  in  lumps  bigger 
til  an  a  small  egg.  The  inside  of  the  furnace  ought  to  be . 
lined  widi  refractorj'  or  infusible  Ar*  clav  over  lire  brick  ; 
or  else  with  a  mortar  of  pounded  clay>  mixed  ividi  pound¬ 
ed  soap  stone.  Mushet’s  assay  furnace  with  a  jiyrome- 
tor  measuring  the  degrees  of  heat,  is  to  be  found  in  4 
Philos.  Mag.  255.  but  Hike  my  own  as  well.  The  pow'^- 
erful  three-blast  assav  furnace  of  the  French  school  of 
mines,  is  delineated  in  14  Philos.  Mag.  69. .  It  is  work¬ 
ed  by  3  equidistant  tweers.  It  should  be  remembered  that 
both  in  England  and  France,  the  men  of  science  in  their 
laboratory’,  and  die  men  of  experience  in  the  iron  miniu- 
facture,  have  gradually’  encreased  the  admission  of  air  into 
their  furnaces,  and  divided  die  quantity  between,  two 
tweers. 

The  first  process  I  would  advise  should  be  to  ascer» 
tain  whether  there  be  any  limestone  in  your  ore,  and 
bow  milch.  For  which  purpose 

Take  400  grains  of  the  ore  in  fine  powder,  from  among 
the  powder  of  at  least  half  a  dozen  fair  specimens  of  the  mine/. 


Pour  on  if  in  a  glass  tumbler  half  an  ounce  by  measure  (by 
means  of  the  common  graduated  measuring  glasses  used  by 
apothecaries  and  chemists)  of  common  spirit  of  salt,  to 
which  add  twice  as  much  water.  Expose  it  to  a  heat 
nearly  boiling  for  half  an  hour.  If  there  be  no  effervescence, 
there  is  probably  no  limestone.  If  there  be,  continue  to  add 
by  small  degrees,  spirit  of  salt  and  water,  till  all  eflerve- 
scence  is  fairly  over.  Let  it  stand  3  or  4  hours.  Then  add 
half  a  pint  of  water,  stir  it  well,  and  filter  the  whole  tlirough 
(unsized)  filtering  pajx'r.  Wash  w  hat  remains  on  the  fil¬ 
ter,  w  ith  half  a  pint  more  of  water,  and  add  the  filtered 
liquors  together.  This  will  dissolve  all  the  limestone 
earth,  and  perhaps  some  of  the  ore,  and  a  small  portion  of 
the  argillaceous  earth,  but  tliese  last  are  of  no  consequence. 

Then  add  to  the  filtered’ solutions,  tw  o  drams  by  mea¬ 
sure  of  oil  of  vitriol,  w^hich  w  ill  throw'  down  the  limestone 
earth  in  a  thick  sediment  in  the  form  of  g)  psumor  sulphat 
of  lime.  Let  it  rest,  and  add  a  few  drops  more  of  the 
oil  of  vitriol,  until  no  fresh  sediment  any  longer  appears. 
Pour  off  the  supernatant  clear  liquor ;  add  half  a  pint  of ' 
hot  w'ater,  and  filter :  Avash  the  filter  w'ith  two  more  half 
pints  of  hot  w'ater,  until  the  liquor  that  passc‘s  tlirough,  is 
no  longer  sensibly  acid.  Let  the  filter  remain  to  drain  for 
24  hours.  Sci’ajie  off  all  the  sediment,  put  it  in  a  cup  or 
a  saucer  to  dry'  for  at  least  six  hours  on  a  common  iron 
stove,  or  120®  of  Fahr.  let  it  so  remain  till  drj'  and  pow'- 
deiy^  to  the  touch ;  w  hen  150  grains  will  designate  100  grains 
of  limestone.  Or  else  (which  is  more  accurate)  expose  it 
for  half  an  hour  in  a  crucible  to  a  red  heat,  when  135 
grains  w'ill  designate  100  grains  of  limestone. 

The  limestone  may  be  generally,  ascertained  Jilso,  by 
means  of  the  air  it  contains,  but  it  requires  some  little 
know  ledge  of  pneumatic  chemistr)'.  Thus,  weigh  a  com- 
mon  pint  decanter,  that  will  hold  a  full  pint.  Balance  it 
in  the  scales.  Put  into  it,  lib.  avordupois  weight  of  water,  ' 
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at  the  temperature  of  60  of  Fahrenheit’s  thermometer. 

Now  as  44  grains  of  chalk  will  yield  air,  equal  to  that 
bulk  of  water,  one  pint  of  air  w  ill  designate  44  grains  of 
pure  limestone.  This  can  be  done  by  fixing  a  tulx;  of 
tin,  or  copper,  or  glass,  bent  like  the  letter  S  into  a  cork. 

Insert  the  cork  in  the  bottle  or  vial  which  contains  )  our 
mixture  of  spirit  of  salt  and  w’ater  w  ith  the  ore  to  be  tried. 

Invert  the  pint  decanter  full  of  w^ater  in  w  ater,  and  let  the 
air  displace  the  w'ater  of  the  inverted  decanter. 

Having  thus  ascertained  the  qiumtity  of  limestone  if 
any,  you  will  have  a  guide  ho  vV  much  to  add,  w  hen  you 
know’  the  proportion  already  contained  in  the  ore.  If  the 
ore  be,  as  it  often  is,  an  argillaceous  ore,  w  hich  cim  be 
told  by  putting  }’our  tongue  to  it,  hich  w  ill  adhere ; 
or  by  the  e;urthy  smell  percei^’ed  on  breathing  on  it,  it  will 
require  more  limestone  in  proportion  to  the  clay.  Calca- 
reous  ores  and  siliceous  ores,  do  not  emit  an  earthy  smell 
or  adhere  sensibly  to  the  tongue. 

If  your  ore  be  a  calcareous  ore,  that  is,  inveloped  in 
limestone,  it  W’oiild  be  absurd  to  use  a  limestone  flux ; 
your  flux  should  be  half  its  w  eight  of  clay.  If  it  be  a  sili¬ 
ceous  ore  it  w  ill  require  both  limestone  and  clay.  Nor  is 
it  tlie  qmntitij  of  iron  alone,  that  depends  upon  the  due 
mixture  of  the  earths  w  liicli  are  to  form  the  flux  :  the 
quality  and  appearance  of  the  iron  produced,  equally  de¬ 
pend  upon  the  same  circumstance :  and  it  may  be  safely 
taken  for  granted,  that  Avhen  an  ore  is  well  deprived  by 
roasting  of  its  sulphur  or  its  arsenic,  if  there  be  any,  and 
w  hen  the  due  proportions  of  coal  for  heating  and  metal¬ 
lizing,  and  of  earths  as  a  flux  are  known  by  well  ascer¬ 
taining  the  component  parts  of  the  ore,  e^’ery  ore  may  be 
m^de  to  furnish  the  same  kind  of  iron. 

Directions  for  assaying  ores  in  the  small  way,  by  the 
same  process  that  is  cmplov  ed  in  the  large  way,  arc  given  i 

in  tlie  following  papers  of  a  j^racticai  and  experienced  iron  j 
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master,  Tvhich  are  better  than  any  thing  of  the  kind  I  have 
seen  elsewhere,  tliough  intermixed  with  some  specula¬ 
tion. 


On  the  Assaying  of  Iron  Ores  and  Iron  Stones  hy 
Fusion,  By  Mr,  David  Mu  she  x,  ^  Clyde  Iron 
Works,  4  PhU,  Mag,  178. 

In  our  manufactories,  the  just  combination  of  art  v  ith 
lienee  is  what  we  can  seldom  boast ;  in  am  hors,  the  siime 
happy  union  of  theory  and  practice  is  ;ilso  markedly  d‘  fi- 
cient ;  and  we  have  constantly  to  regret,  that  the  want  of 
liberality  in  the  individuals  of  the  one  class,  and  oppcrui- 
nity  in  that  of  tlic  otlier,  prevent  us  from  feeling  the  happy 
tffects  of  this  so  much  desired  union. 

Tnc  process  of  depriving  orc*s  of  their  metal  by  fusion 
in  the  assay-furnace,  and  that  part  particularly  relating  to 
iron,  which  I  mean  to  make  the  principal  subject  of  this 
paper,  lead  me  more  immediately  to  make  these  observa- 
tions.  With  the  manufacturer,  in  general,  the  uses  and 
propriety  of  the  assay-furnace  are  seldom  admitted,  or, 
at  best  are  restricted  to  such  narrow  limits  as  to  be  only 
capable  of  ascertaining  the  quantity  of  iron  contained  in 
ore  or  iron-stone.  The  chemist,  on  the  other  hand  intent 
only  upon  effecting  his  operation,  and  of  giving  accuracy 
to  the  result,  confines  his  observations  to  a  certain  cliain 
of  science,  and  seldom  or  never  considers  manufacture's 
as  the  ultimate  and  happy  end  towards  which  his  labours 
should  be  directed. 

With  whatever  deference  and  respect  we  look  up  to  the 
names  of  men  celebrated  for  their  indefatigable  zeal  and 
industry  in  the  cause  of  science,  and  with  v\  hatever  satis¬ 
faction  we  rest  upon  the  result  of  their  labours  as  to  truth ; 
yet,  in  general,  the  practical  man  feels  dissatisfied  w  ith  the 
manner  in  which  those  subjects  arc  treiitcd  which  come, 
more  immediately  under  his  owu  observation. 
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It  IS  I  fear  with  some  truth  that  this  char^  is  broue;ht 
igaiiist  that  part  of  tlie  arts  relative  to  the  assaying  oi  iron 
ores.  We  never  find,  in  the  works  of  those  whose  atten¬ 
tion  has  been  directed  to  this  subject,  that  the  least  con- 
nt  cted  idea  ever  exists  betwixt  the  assay  and  tht'  blust- 
furiidce,  or  that  the  agents  used  for  reduction  in  the  labo¬ 
ratory,  can  in  general  be  applied  to  works  in  the  large  way. 
A  total  silence  prevails  amongst  authors  of  this  class,  as  to 
the  various  qualities  of  crude  iron  which  certain  ores  and 
certain  combinations  ol  fluxes  produce  :  all  ores,  however 
various,  are  reduced  to  the  same  complex  treatment,  and 
the  operation  itself  measured  by  minutes,  as  if  the  fusi- 
biiity  of  all  the  widely  differently-combined  ores  was  tlic 
same. 

The  celebrated  Bergman  even,  has  a  degree  of  com¬ 
plexity  in  his  receipts  for  the  assaying  of  iron  ores,  that 
^ems  unworthy  of  the  simple  elements  of  science.  The 
following  one  in  particular  seems  to  possess  an  air  of  in¬ 
congruity  even  in  the  proportions,  only  equalled  by  the 
oddity  of  the  assemblage  of  mixtures  brought  forward  : 

“100  Grains  of  the  roasted  ore,  two  parts  of  the  black 
flux,  (equal  parts  of  borax  and  nitR",)  one  part  of  tartar, 
“  one  of  sal-ammoniac,  one  of  sandever,  half  of  (again) 
“  borax,  half  of  glass,  one- fourth  oS.  clean  sooty  one-fourth 
of  chiiTcoal ;  the  whole  to  be  covered  with  common  salt.’’ 
Tln.'>  motly  association  of  earths,  alkalies,  and  salts,  is 
rec(nnmended  as  the  Ix^t  flux  for  all  iron  ores.  The 
author  however  shet\*s,  that  the  advantages  which  it  pos¬ 
sesses  are  not  complete,  from  the  great  caution  prescrilxd 
in  the  mode  of  conveying  the  necessary  degree  of  heat ; 
and  the  perfection  of  the  operation  is  rendered  altogether 
doubtful  by  the  consequences  which  the  oversight  of  a 
few  minutes  may  occasion. 

It  cannot  be  well  reconciled  to  our  ideas  of  advance¬ 
ment  in  any  art,  that  wc  iiave  not  yet  discovered  a  mediod 
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of  operation  moi^  perfect  than  that,  wherein  a  few  minutes 
lost  or  gained  (which  error  will  more  likely  take  place 
from  the  inequality  of  heat,  tlian  the  reckoning  of  time,) 
make  a  variation  from  truth  equal  to  lr5th  or  l-6th  of  the 
whole.  The  manufacturer  would  be  in  a  lamentable  pre¬ 
dicament  were  he  thus  circumstanced,  and  obliged,  by 
some  means  or  other,  to  take  the  crude  iron  from  the  blast¬ 
furnace  immediately  upon  being  separated  from  the  ores, 
lest  a  considerable  portion  of  it  should  totally  disappear. 
If  the  degree  of  heat  produced  from  a  smithes  forge  was 
at  all  times  the  same,  though  supplied  with  fuel  of  various 
natures,  and  under  different  changes  of  temperature,  then 
it  is  most  probable  that,  by  reckoning  Bergman’s  time  to 
a  minute,  a  button  of  iron,  accurate  in  its  results,  might 
be  obtained  from  some  ores  by  the  flux  he  has  directed  to 
be  used.  But  I  cannot  conceive  that  tliis  should  be  an 
universal  consequence :  far  less  can  I  comprehend,  after 
a  just  sepanition  has  been  efl'ected,  that  five  minutes  will 
destroy  1-lOth  of  tlie  produce  of  metal,  while  the  incum¬ 
bent  fluid  protects  the  surface  of  the  metallic  button  from 
the  action  of  the  atmosphere. 

It  is  not,  however,  my  pro\'incc  to  enter  into  a  minute 
examination  of  the  products  obtained  from  the  use  of  such 
vitreous  fluxes,  \\  hich  arc  always  productive  of  the  most 
oxygenated  state  of  crude  iron ;  and  the  acciuacy  of  ^^'llosc 
results,  under  a  state  of  such  high  oxygenation,  ai‘e  al¬ 
ways  to  be  susjKcted.  I  have  frequently  proved  that,  in 
using  them,  the  affinit}’  of  the  metal  was  so  great  to  oxy¬ 
gen,  that  a  slight  derangement  of  the  cnicible,  w  hich  had 
tlirown  the  virrified  fluid  from  any  point  of  the  surface,  was 
immediately  attended  by  a  rapid  dcflagi  ation,  and  a  consi¬ 
derable  portion  of  the  iron  oxy dated. 

I  shall  chiefly  confine  myself  to  a  communication  of 
tliose  facts,  nhich  I  have  rc  peatedly  confirmed,  with  a 
view  of  extending  my  results  and  observalious  to  a  more 
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extensive  scale.  I  have  constantly  considered  the  assay- 
furnace  as  capable  of  affording  conclusions  applicable  to 
die  operations  of  the  smelling-fumace,  and  that  change 
or  innovation  should  always  have  the  concurring  testimo¬ 
ny  of  truth  to  back  them,  though,  on  a  small  scale,  be¬ 
fore  they  be  risqued  on  one  more  momentous  or  extensive^ 
Influenced  by  such  motives,  I  early  rejected,  as  totally 
inapplicable  to  the  scale  of  manufacture,  the  numerous 
tribe  of  salts,  alkalies,  and  earths :  these,  in  the  applica¬ 
tion,  are  subject  to  no  rule,  nor  guided  by  any  immediate 
object  of  general  utility,  but  are  as  arbitrary  as  their  au¬ 
thors  are  numerous.  On  the  contrar}*,  I  have  directed 
my  endeavours  to  die  use  of  such  agents  as  effect  separa¬ 
tion  upon  die  large  scale,  and  have  been  fortunate  to  find 
diat  the  same  solvents,  when  properly  applied,  are  produc¬ 
tive  of  the  most  perfect  and  finished  results.  By  the  sim¬ 
ple  application  of  lime  or  chalk,  in  various  proportions, 
as  a  calcareous  earth,  and  common  botde  glass,  in  the 
place  of  silex,  to  constitute  fusibility,  I  have  been  able  to 
produce  in  the  assay-furnace,  all  die  various  qualities  of 
crude  iron,  as  to  strength  and  fusibility.  In  no  case  has 
the  result  of  any  assay  been  considered  perfect,  unless  die 
vitrid  mass  found  upon  the  surface  of  the  metallic  button 
exhibited  a  degree  of  transparency  and  purity  of  colour  little 
inferior  to  flint  glass,  or  slightly  darkened  by  a  faint  shade 
of  azure.  In  such  vitrifications,  purity  of  colour  is  the 
surest  proof  of  the  non-existence  of  iron  in  the  state  of  a 
fused  oxyde :  the  same  degree  of  pellucidity  renders  it  easy 
to  detect  the  smallest  globule  of  metal  which  by  chance 
may  have  been  susjiended  during  fusion.  Li  all  experi¬ 
ments  where  a  just  association  of  mixtures  has  been  pre¬ 
sent  to  produce  this  jieculiar  scoria,  the  quality  of  the  iron 
will  be  found  richly  carbonated,  and  the  button  possessing 
a  smoodi,  silver} ,  greasy-feel  surface.  On  the  other  hand, 
experience  has  repeatedly  shewai,  diat  W' hen  die  scoria  ob- 
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tained  in  assaying  approaclied  not  to  the  colour  and  purity 
ol  fine  glass,  there  remained  a  portion  of  the  iron  still  uiv 
revived,  in  tlie  sUtte  of  a  fusexl  oz}  d(*,  conveying  (x^iour 
and  opacity  to  the  mass ;  tliat  at  certain  degrees  of  co¬ 
lour,  certain  degrees  of  opacity  existed,  and  proportionate 
qiu.iitities  of  the  metal  remained  diffusetl  in  the  scoria. 
When  the  colour  of  this  was  gre-en,  the  quantity  of  metal 
unlit  d  was  small ;  but  as  the  green  deepened,  and  be¬ 
came  associated  v\  ith  light  browns,  the  quantity  of  unre- 
rived  iron  was  greater,  and  l3ccame  much  increased  as  the 
scoria  assumed  darker  browns,  oi*  became  totally  black  : 
in  such  instances  I  have  found  it  contain,  upon  being  re- 
assayed,  12  per  cent.  The  assaying  of  iron  ores  is  sus¬ 
ceptible  of  anodur  extixnie,  by  which  ex|K.Timent  is 
equally  clogged,  and  w  herein  it  is  veiy^  difficult  to  obtain 
an  accurate  result.  In  this  case  no  perfect  button  of  me¬ 
tal  is  found,  but  the  portion  ol’ iron  which  the  ore  contained 
is  in  a  vast  variety  of  various  sized  globules  of  the  richest 
crude  iron,  inti  rsper^ed  in,  or  covering  the  surface  of  a 
semi-vitrified  opaque  mass  of  scoria,  of  a  grej  ish-bluc, 
mottled,  or  w  hitish  colour.  The  causes  of  w  hich,  and 
their  sirict  analogy  to  similar  results  in  the  blast-furnace, 
shall  lx*  my  chief  object  to  explain. 

In  a  former  pajxr  I  mentioned,  that  if  iron-stones  were 
smelted  w  ithout  the  addition  of  any  other  substance*,  the 
product  in  Iron  would  be  proporiioned  to  the  quantity  of 
liioe  contain  d  in  the  respective  classes.  Wc  shall  sec 
from  the  lollo'vuig  experiments  how  far  this  is  confirmed 
bv  means  o:  the  a'-sa'  -fiirnace,  and  luniish  to  ourselves 
one  imjx  rtant  lesson,  how’  far  the  various  mixtures  of 
Ores  aeVet  the  operation  of  sm-  king  ?  . 

is'.  Into  a  cnicible,  w  ith  a  well-fitted  cover,  I  intro¬ 
duced  873  grains  of  a  pulverise  d  iron-stone  in  its 

ra>v  state  ,  and  applied  such  degree  ol  heat  as  is  usually 
given  in  such  opcraiious.  in  twelve  minutes  I  found 
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that  the  iron-stone  was  in  perfect  fusion,  much  agitated, 
and  emitting  large  bubbles  of  ignited  gas  ot  a  ikry  colour. 
In  forty  minutes  the  crucible  was  withdrawn ;  the  suriace 
of  the  vitrified  fluid  still  continued  to  boil,  and  emit  bub¬ 
bles  of  air,  chough  in  much  less  quantity.  In  this  state 
I  introduced  a  small  rod  through  tl^  scoria,  and  disco- 
verd  the  surface  of  a  button  of  metal.  The  momen^.  it 
came  into  contact  with  atmospheric  ah',  a  beautiful  com¬ 
bustion  took  place  ;  tlie  metal  rose  in  a  spiUil  form  to  sup¬ 
ply  the  rapid  inflammation,  and  continued  till  the  ^co- 
ri;'.  (still  in  fusion)  closed  over  the  surface  of  the  button. 
When  cold,  I  found  a  perfect  formed  buttoii  of  extreme- 
oxygenated  crude  iron,  which  weighed  219  grains  ;  a 
produce  equal  to  25-1  per  cent,  from  the  raw  iron-stone. 
The  scoria  obtained  was  of  a  sliining  black  colour,  ‘  m 
and  ponderous,  and  weiglied  402  grains  ;  so  tliat  the  loss 
in  volatile  matter  was  254  grains,  equiJ  to  29  per  cent, 
Althougii  this  iron-stone  was  siliceous,  yet  1  am  con¬ 
vinced  the  loss  of  volatile  matter  w’ ould  luve  been  greater, 
had  not  nearly  one- half  of  the  whole  contents  of  iron  re¬ 
mained  in  the  scoria,,  united  with  ox)'gen,  at  the  rate  of 
35  per  cent,  I  found  tlie  produce  of  die  metallic  button 
thus  ob tamed  white  as  silver,  and  presenthig  imperlcct 
radii ;  the  surface  was  considerably  oxydated,  especially 
where  the  combustion  liad  taken  effect. 

2d,  I  subjected  to  a  similar  treatment  875  grains  of  an 
argillaceous  iron-stone,  which  contained  a  usual  propor¬ 
tion  of  lime  ;  the  fusion  of  this  powder  was  more  difficult 
tlian  that  of  die  former,  though  the  plieiiomeiia  exhibited 
by  bodi  during  reduction  were  alike.  The  crucible 
was  withdrawn  from  the  furnace  in  forty  minutes  after  in- 
troduction,  and  the  surface  of  the  button  exposed  to  com¬ 
bustion  as  before.  The  deflagration  dift'ered  litde  in  point 
of*  appearance  from  that  effected*  with  die  siliceous  iron¬ 
stone  :  the  button  of  cnide  iron  was  found  oxygciiuted, 
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and  weighed  249  grains ;  a  produce  in  iron  from  the  raw 
stone  =  28.5  per  cent. :  the  vitrid  mass  was  found  to 
weigh  354  grains ;  the  loss  of  volatile  mixtures  was  there¬ 
fore  272 grains,  or  31  percent.  The  fracture  of  the  re- 
gulus  now  obtained  was  still  white,  though  not  allied  to 
any  degree  of  crj^stallisation,  and  its  surface  Smoother 
and  less  oxydated.  The  glass  produced  in  this  experi¬ 
ment  was  of  a  deep  brown  shining  colour,  in  many 
places  porous,‘^d  enriched  with  fine  tints  of  colouring. 

3d,  The  same  experiment  was  repeated  upon  875 
grains  of  a  fine  calcareous*  iron-stone.  The  fusion  of  this 
required  a  violent  heat  of  seventeen  minutes,  during  which 
time  the  disengagement  of  a  gaseous  substance  was  most 
evident ;  in  other  respects  it  exhibited  the  same  features, 
when  in  fusion,  as  the  two  former ;  tlie  degree  and  length 
of  heat  conveyed  was  nearly  the  same ;  and  the  result 
obtained  was  a  button  of  carby-oxygenated  crude  iron 
weighing  261  grains ;  a  produce  in  iron  equal  to  30  per 
cent,  fiom  the  raw  iron-stone ;  fused  earths,  now  reduced 


*  I  omitted  to  mention  (p.  37)  another  method  of  ascertaining  the 
quantity  of  calcareous  or  limestone  earth  in  an  ore.  Pure  limestone 
contains  44  parts  in  100  by  weight  of  air  (carbonic  acid  gas).  Take 
a  Florence  flask,  or  the  round  bottom  of  a  Florence  flask,  put  it  on 
one  side  of  a  pair  of  scales ;  pour  into  it  one  dram  by  measure  or 
100  grains  by  weight  of  spirit  of  salt,  and  as  much  water.  Put 
weight  in  the  other  scale  to  balance  this.  Then  pour  into  the  acid 
fiquor  your  ore  in  powder,  and  let  it  remain  for  an  hour.  What¬ 
ever  limestone  it  contains  will  be  dissolved,  and  the  quantity  can 
be  told  from  the  weight  lost :  suppose  the  loss  10  grs. :  then  as  44 
is  to  100,  so  is  10  to  the  limestone  contained  in  the  ore'.  This  will 
be  accurate  wherever  the  iron  in  the  ore  is  not  in  a  metallic  state ; 
if  it  be,  air  will  be  given  by  the  iron,  which  a  chemist  can 
separate  by  means  of  lime  water.  But  few  ores  will  be  liable  to 
this  uncertainty. 

Oxyd,  Oxydation^  metal  combined  with  xoygen  or  pure  air, 
which  must  be  separated  from  it  by  means  of  carbon  or  charcoaL 

Carbonated^  carbonation^  the  uniting  pure  charcoal  to  an  or^ 
which  converts  it  into  a  metal.  T.  C. 
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to  an  opaque  brown  glass  streaked  with  white,  294  grains : 
loss  in  volatile  mixtures  320  grains,  or  36.5  per  cent. 

The  metallic  button  produced  in  this  operation  had  a 
smooth  crystallised  surface  ;  and,  when  in  fusion,  com¬ 
bined  less  readily  with  oxygen  offered  by  the  contact  of 
atmospheric  air,  than  did  the  former  two.  The  fracture 
was  light  grey,  with  a  regular  distinct  grain  ;  the  mass  of 
fused  earths  were  disposed  after  the  manner  of  a  crystalli¬ 
sation,  in  radii,  shooting  from  the  circumference  of  a  mi¬ 
nute  circle  to  the  extremity  of  one  larger. 

From  these  experiments  it  is  obvious  that  reguli  of 
crude  iron  may  be  obtained  from  the  different  classes  of 
iron-stones,  of  a  respectable  produce,  without  any  addi¬ 
tion  whatever ;  and  that  the  tendency  which  these  have 
to  part  with  their  iron  is  in  the  exact  ratio  of  the  quantity 
of  lime  present.  The  following  statement  exhibits  tlie 
difference  betwixt  the  real  and  partial  assay  of  the  fore¬ 
going  iron-stones. 

The  siliceous  iron-stone  properly  assayed,  yielded  34.5 
per  cent,  but  by  fusion  per  se*  only  25  ;  leaving  in  the  lat¬ 
ter  method  9.5  mixed  with  the  scoria.  Ai^iljaceous  stone, 
properly  assayed,  gave  35.6,  by  fusion  per  se  28.5  ;  leav¬ 
ing  7.1  mixed  widi  the  scoria.  Calcareous  iron-stone, 
properly  assiiyed,  yielded  33.7,  by  fusion  per  sc  30; 
which  left  3.7  mixed  with  the  scoria. 

One  reason  may  be  advanced  why  the  iron  produced 
from  the  calcareous  stone  was  so  much  more  in  pro¬ 
portion  than  the  other  two  classes :  both  the  siliceous  and 
argillaceous  buttons,  when  deprived  of  their  scoria,  decom¬ 
posed  atmospheric  air  so  rapidly  as  to  suffer  a  little,  in 
point  of  real  metal,  from  the  combination  of  oxygen.  It 
was  othenvise,  however,  when  the  surface  of  the  calcare¬ 
ous  button’  was  exposed :  the  affinity  of  the  oxygen  to  the 
metal  being  less  than  to  the  carbon  united  with  it,  carbonic 
acid  was  formed.  A  review  of  these  experiments  leads  to 
^  By  itself :  without  addition. 
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another  conclusion,  that  without  tlie  presence  of  carbon, 
either  in  chemical  union  in  the  ore,  or  atti'acieci  irom  ihe 
ignited  gas  by  tlie  particles  of  metal,  crude  iron  will  not 
sepv\rate  from  the  (M*e  or  stone  ;  and  that,  in  proportion  as 
the  metal  is  exposed  to  inhale  this  principle,  its  produce 
is  increased  and  its  quality  improved. 

It  will  furdier  appeal'  obvious,  from  tlie  various  natures 
of  scoriae  which  the  different  iron-stones  afford  when  lu- 
sed ptr  sCy  that  there  exists,  a  want  of  mixture  in  most 
of  them  to  form,,  when  fused,  a  fluid  so  sufficiently  divi- 
dec!  that  no  portion  of  iron  may  be  retained,  either  in  a 
metallic  state,  or  in  tliat  of  an  oxyde.  This  deficiency  of 
mixture  is  greatest  in  the  siliceous  iron-stones,  less  in  the 
argillaceous,  and  least  of  all  in  tlie  calcareous.  The  prin¬ 
ciple,  therefore,  I  proceeded  upon  was,  to  ascertain  wliat 
proportion  of  additional  mixture,  and  of  what  nature,  was 
necessiiry  to  give  the  proper  equilibrium  to  form  a  transpa¬ 
rent  slag  or  scoria.  When  silex  predominated,  it  was  found 
that  a  major  proportion  of  calcareous  earth,  in  the  solvent  or 
flux,  supplied  the  natural  deficiency  ;  and  that  the  whole 
contents  in  irgniRvere  justly  revived,  tind  fully  saturated 
with  carbon :  when  at  any  time  it  was  wished  to  revive 
the  metal,  contained  in  such  ores,  possessing  strength  tviih 
carbonation,  I  found  that  this  could  be  easily  effected,  in 
all  proportions,  by  the  addition  of  calcareous  earth  w  ith 
a  mixture  of  pure  clay.  In  short,  in  tvtry  experiment 
I  have  made  with  ore's,  the  various  natures  of  lime¬ 
stones,  or  chalk,  with  certain  proportions  of  bottle  glass, 
have  been  found  capable  of  reviving  the  iron  contained  in 
all  the  ores  which  have  come  under  my  knowledge,  and  of 
conferring  upon  their  respective  products  every  degree  of 
strength  and  fusibility  In  order  to  form  an  accurate 

*  Although  I  have  frequently  had  occasion  to  mention  the  com¬ 
bination  of  clay  with  iron-stone,  as  the  mixture  wliich  in  fusion  con¬ 
veyed  strength  to  the  metal»  yet  I  have  not  ventured  a  conjecture 


47 


Irm. 

judemcnt  of  the  tendency  which  individual  ores  have  to 
aftbrd  their  mtiai  carbonated,  possessing  strength,  or 
otherwise,  a  flux  oi  a  medium  prc^rtion  ot  calcareous 
earth  and  glass  is  determined  upon  ;  such  as,  w  ith  an  iron¬ 
stone  of  that  genus,  would  aflbrd  super-carbonated  crude 
iron.  Let  the  button  of  iron  so  obtained  be  the  standard 
whereby  to  judge  of  succeeding  results  ;  and  let  all  the 
ores  belonging  to  the  same  mine,  or  used  at  the  Sijne  w  ork, 
be  compared  with  it :  these  will  be  found,  according  to 
tlu:ir  mixtures,  possessing  different  degrees  of  carbona- 
tion ;  some  of  them  w  liit  e  in  the  I’racture,  and  others  again 
as  richly  carbonated  as  the  standard  regulus ;  their  degrees 
of  strength  also  approachingor  receding  from  the  standard 
as  the}’  approximate  or  vary  irom  the  nature  and  propor¬ 
tion  of  its  original  mixture. 

To  complete  such  an  undertaking  with  accuracy,  re¬ 
quires  a  minute  know  ledgi*  ot’  the  operations  of  the  assay- 
furnace,  and  the  degree?  of  heat  from  lime  to  time  excited : 
the  quantity  of  ore  in  such  a  chain  of  experiments  should 

how  far  and  in  what  manner  the  mechanical  structure  of  the  metal 
is  altered  when  additional  strength  is  thus  obtained.  It  will  be  a  dif¬ 
ficult  matter  to  decide,  whetlicr  it  is  derived  from  the  natural  infu¬ 
sibility  of  the  clay,  by  preventing  separation  for  a  longer  time,  and 
new  modifying  the  structure  of  the  particles  of  metal ;  or  whether 
the  acquired  strengtli  is  entirely  owing  to  the  moleculse  of  the  me¬ 
tal  becoming  more  flattened  and  tenacious  by  a  varied  stage  of  crys¬ 
tallisation.  Most  probably  it  is  owing  to  both  causes,  and  that  the- 
fonner  is  productive  of  the  latter;  the  one  the  cause,  and  the 
Ot!\cr  the  effect  accounted  for. 

Wc  find,  that  from  siliceous  iron-stone,  which  is  fused  with  the 
greatest  facility,  iron  is  obtained  uncommonly  white  and  brittle ; 
and  again,  from  pure  calcareous  iron-stones,  which  are  still  more 
difficult  to  reduce  than  the  other  two  classes,  we  find  an  opposite 
extreme  of  brittleness,  arising  from  an  extra  combination  of  qarhon, 
which  destroys  the  continuity  of  the  particles  to  each  other.  Clay" 
still  holds  the  medium;  and  its  addition  alone  restores  a  just 
pquilihrium,  not  of  strength  only,  but  of  fusibility.  Mushet. 
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beat  all  times  the  same,  and  the  requisite  heat  conveyed  and 
completed  at  similar  stages  of  fusion  and  of  separation- 
Strict  accuracy  of  result,  as  to  the  quantity  of  metal,  will 
not  always  be  obtained  ;  but  a  very’  comprehensive  know¬ 
ledge  will  be  formed  of  the  nature  of  the  earthy  mixtures, 
and  the  strength  and  fusibility  of  the  metal.  Once  in  the 
possession  of  these,  it  will  be  no  difficult  matter  to  super¬ 
add  a  portion  of  earths  requisite  for  perfect  reduction.  In 
two  simple  experiments,  therefore,  not  only  the  real  quan¬ 
tity  of  metal  contained  in  the  ore  is  obtained,  but  its  pre¬ 
sumptive  strength  and  fusibility  developed  in  a  great  mea¬ 
sure  prior  to  its  application  to  the  purposes  of  the  blast¬ 
furnace.”*  *  *  * 

‘  It  will  easily  be  conceived,  from  the  mode  of  opera- 
rion  which  I  have  adopted,  thi\t,  in  order  to  procure  accu¬ 
rate  results,  the  proportion  of  flux  must  be  varied  accord¬ 
ing  to  the  mixtures  in  the  iron-stones  or  ores ;  and  that 
Bo  universal  solvent  can  be  used  as  capable  of  assaying 
tf//ores. 

As  the  gradation  of  mixtures  in  the  ores  is  almost  im¬ 
perceptible,  there  are,  in  fact,  no  fixed  limits  by  which 
Nature  has  distinguished  the  various  classes :  we  find  all 
the  varieties  diminishing  their  predominant  earth,  and  as¬ 
suming,  in  equal  proportions,  those  of  each  other,  thus 
constituting  the  class  of  equalised  mixtures ;  yet,  here, 
the  variety  of  combination  ceases  not,  the  predominating 
earth  gradually  becomes  the  minor  part  of  the  mixture, 
and  that  which  only  held  a  second  rank,  as  to  quantity,  is 
now  the  chief  component  earth ;  the  permutation  goes 
round,  till  tlie  earth,  >v  hich  existed  in  the  most  sparing 
quantity,  now  predominates  to  excess. 

In  such  an  infinity  of  variation,  it  is  difficult  to  arrange 
the  combinations  of  which  these  substances  are  capable^ 
To  derive  the  name  of  a  class,  or  genus,  from  the  predomi^ 
nancy  of  an  earth,  seems  most  eligible ;  and  to  consider 
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tliose  as  varieties  of  the  same  class,  which  are  altered  by 
the  proportion  of  the  second  and  third  mixtures.  Again> 
each  of  these  varieties  are  susceptible  of  a  multiplicity  of 
modifications  before  an  earth  is  so  far  diminished  as  to 
give  an  ascendency  to  another,  or  be  foi^  the  third  rank  of 
proportion  has  assumed  that  of  the  second  or  first.  The 
simple  combination  of  the  earths,  and  their  degrees  of  pre¬ 
dominancy,  may  be  thus  arranged : — 


1st  Variety, 

{Iron  i 

^ime 
Silex  - 
r  Iron 

Calcareous  iron-stone  J 

1  Clay  - 

I^Silex  - 

Iron 

Silex  - 

Lime  - 


Siliceous  iron-stone 


L 


Clay 


2d  Variety. 
Iron  ^ 

-  Clay 

-  Silex 
•  Lime 

Iix)n 

Lime 

Silex 

Clav 

Iron 

Silex 

Ciay 

Lime 


g 


^  ^ 

o  2. 


O  O 

y  ji 
^  o 


•r 

'< 


To  assay  arty  of  these  varieties,  a  flux  jx^culiar  to  the 
nature  of  the  mixture  is  necessar}' ;  so  that  the  chiUiges 
of  proportion  in  the  solvent  ought  to  extend  to  seven,  in¬ 
cluding  the  class  of  ecjualised  mixtures,  in  order  thi  t  the 
precise  same  quality  of  crude  iron  may  be  proiluced  fr(;in 
all  the  varieties  of  iron-stone.  The  modification  of  tach 
Variety  will  be  found  to  be  sufficiently  accurate,  if  assay  ed 
by  the  flux  peculiar  to  itself.  The  arrangement  of  tlie 
three  classes  of  ores  into  two  varieties,  each  forming  a 
distinct  stage  of  combination,  indicated  by  the  predomi- 
nancy  of  the  first  and  second  earth,  are,  with  the  neutral 
class,  suflicicntly  minute  for  tiny  purpose  in  the  assay-fur¬ 
nace,  and  are  sufficient  to  form  an  accurate  and  extensive 
kro.vlcdge  of  the  analogy  of  these  results  with  those  in  the 
blast-furnace. 
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Tabie  of  Proportions  cf  Fluxes. 

Let  the  earthy  part  of  an  argillaceous  ore  be  composed 
ot  clay  .9,"  lime  6,  sand  3  18. 

To  assay  4  troy  ounces  of  this  ore  —  •  or  1920  gwinSy, 

add  4  ■  «  ■  ■■  bottle  glass  —  1920 

3  — —  - . -  chalk  —  1440 


0»  - 

— »  charcoal 

— 

240 

'4 

5520 

Let  the  second  variety  of  argillaceous  ores  contain,  clay  10,  si<* 

lex  7,  lime  3  s=  20. 

In  this  case,  4  ounces  troy  of  ore 

or 

1920  grainy 

would  require  4  — 

—  bottle  glass 

— 

1920 

4  - 

•  ■  chalk 

— 

1920 

oi  - 

—  charcoal] 

— 

360 

'24 

6120 

Let  the  first  variety  of  the  calcareous  genus  of  iron-stone  be  sup¬ 

posed  to  contain,  of  earthy  mixtures,  lime  14,  clay  6,  silex  4  =  24. 

When  this  iron-stone  is  to  be  assayed, 

to  4  ounces  troy 

or 

1920  grains^ 

add  5  — 

—  —  bottle  glass  - 

— 

2400 

4  — 

'  ■  chalk  -  - 

— 

720 

0*  — 

— —  charcoal 

— 

360 

"4 

5400 

.Again,  let  the  second 

variety  of  the  calcareous 

genus  be  sup- 

posed  to  contain,  lime  10, 

sand  6,  clay  4  ==  20. 

I  would  add  to  4  troy  ounces 

or 

1920  grainy 

4  — 

— —  -  ■  -  bottle  glass 

— 

1920 

3  — 

—  ■  chalk 

— 

960 

.  ,04  — 

"  -  charcoal 

— 

240 

lOi 

5040 

Let  the  first  variety  of  siliceous  ores  be  supposed  to  contaiiy 

silex  12,  clay  8,  lime  5  = 

=  25. 

For  an  assay  of  4  troy  ounces  of  ore 

or 

1920  grains, 

add  4  — 

-  chalk 

1920 

A 

o  — 

— —  bottle  glass 

1440 

04- 

-  *  '  «  charcoal 

— 

360 

5640 
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And,  lastly,  let  the  second  variety  of  this  genus  of  iron-stone  be 
supposed  to  contain,  silex  10,  lime  7,  clay  5  =ae  22. 

To  4  troy  ounces  of  the  ore  -  or  1920  grains, 

add  34  -  chalk  -  —  1680 


« I 

—  chalk 

—  1680 

r» 

—  bottle  glass 

—  1440 

% 

(4 - 

—  charcoal 

—  360 

5400 

Class  of  equalised  mixtures,  composed  of,  clay  7,  lime  7,  silex^ 

7  =  21. 

To  assay  of  this  ore  4  troy  ounces  or  1920  grains? 

add  3j  -  bottle  glass  •—  1680 

24 - chalk  .  —  1200 

04  -  clmrcoal  240 


5040 


^  Such  are  the  proportions  requisite  to  obtain, fromall  the 
various  iron-stones,  an  accurate  assay;  the  perfection  of 
which  is  always  indicated  by  the  superior  transparency  of 
the  ilux,  and  the  super-carbonation*  of  the  metallic  but¬ 
ton.  By  scrupulously  following  these  and  similar  pro¬ 
portions  as  the  exigencies  of  the  ore  may  point  out,  crude 
iron  will  always  be  obtained  of  the  finest  quality,  carbona¬ 
ted  beyond  whatever  is  produced  in  the  large  way  of  ma¬ 
nufacture,  and  its  surface  covered  with  a  beautiful  carbu¬ 
ret  of  iron,f  either  in  small  sliining  specula,  or  in  the  state 
of  a  thin  membrane.  By  a  slight  gradation  of  change  in 

*  That  is,  containing  a  portion  of  carbon  or  pare  charcoal  more 
than  suibcient  to  produce  perfect  malleable  iron,  but  producing 
uniform  fusible  cast  iron. 

t  By  a  carburet  of  iron,  is  meant,  iron  combined  with  a  large  prq- 
portion  of  pure  charcoal,  or  carbon. 

Malleable  iron,  is  iron  uncombined  either  with  air  or  with  carbon. 

Blistered  steel  is  iron  with  a  small  proportion  of  carbon. 

Fusible,  hard,  cast  steel,  contains  still  more  carbon. 

Fusible  smooth  faced  cast  iron,  still  more  than  cast  steel. 

T.  C. 
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thr  proportions  of  the  component  parts  of  the  flux,  ihe 
metal  of  the  siime  iron-stone  may  be  made  to  pass  tlirough 
all  the  inferior  stages. 

Since,  then,  all  iron-stones  in  the  assay-furnace  may  1)C 
made  to  give  out  their  iron  at  pleasure,  of  all  the  various 
qualities,  it  is  snarly  erroneous  to  assert,  that  such  and 
such  iron-stones  contain  such  and  such  qualities  of  iron  ; 
that  this  one  uflFords  metal  of  the  finest  quality,  while  that, 
on  the  contrary,  yields  iron  fit  only  for  forge-pigs  or  bal¬ 
last  ;  yet  this  is  the  universal  kinguage  in  the  manufacto- 
In  this,  as  in  many  insUmces,  vve  accommodate  the 
language  to  our  ideas,  rather  llian  our  ideas  to  truth.  The 
suffrage  of  prevailing  custom  has  imj^erceptibly  associa¬ 
ted  with  our  ideas  many  absurdities  w  hich  we  are  after¬ 
wards  as^mtd  to  acknowledge,  and  w  hich  darken  the 
gleam  of  truth,  or  render  it  apparently  ridiculous,  merely 
because  it  is  at  varience  with  our  prejudices.  Where 
science  guides  not  the  manufacturer,  or  is  scorned  by 
him,  his  train  of  reasoning,  tliough  far  from  being  just,  is 
short ;  it  is  fitted  to  the  narrow'  culture  of  bis  mind,  and  con¬ 
sonant  to  a  barbarous  nomenclature  of  received  usage 

*  I  cannot  resist  noticing  one  instance,  prevalent  at  iron-works, 
of  that  blind  reverence  to  the  opinion  of  our  predecessors,  whose 
sources  of  knowledge  must  necessarily  have  been  few  and  contract¬ 
ed.  When  super-carbonated  crude  iron  is  run  from  the  furnace, 
it  is  frequently  covered  with  a  scurf, -which  when  cold  is  found  to 
be  a  coating  of  plumbago  (carburet  of  iron)  remarkably  brilliant; 
sometimes  in  small  specks,  ai^d  at  other  times  in  large  flakes: 
this  substance  is  universally  denominated  sul/i/itir,  ajid,  as  the  most 
expressive  adjective  for  tliat  quality,  w  e  say  that  the  iron  is  Hulfxhu- 
Tijs  There  are  not,  perhaps,  f,wo  substances  so  opposite  in  their 
degrees  of  inftaramaliility,  or  so  widely  different  in  their  properties, 
as  sulphur  and  plumbago;  the  exisjtcnce  of  the  latter  almost  whol¬ 
ly  supposes  a  total  absence  of  the  former :  yqt,  such  is  tlie  want  of 
investigation,  or  the  slightest  momeiUary  reflection,  that  an  indo¬ 
lent  belief  is  passed  as  to  the  presence  of  a  substance  diametrically 
opposite  to  that  wliich  is  expressed.  Sul/ihur  has  hitherto  bcca 
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In  order  to  elucidate  still  fartlier  how  much  the  quality  of 
the  iron  is  dependent  upon  the  |itf*oportions  of  the  mixtures, 
in  combination  wiih  or  given  to  the  ores,  let  a  determinate 
quantity,  say  an  ounce,  of  the  oxyde  of  pure  malleal;)le 
iron  be  taken  ; — this  we  iire  physically  certain  contains  no 
mixture  except  oxygen  existing  in  quantity  proportioned 
to  the  stage  of  ox \  elation,  the  quantity  being  ascertained 
b\'  its  degree  of  olx  dieifce  to  the  magnet ;  ^^*hen  the  quan¬ 
tity  of  oxygen  given  to  it,  by  the  decomposition  of  water, 
exceeds  25  per  cent,  few  tr  ices  of  magnetic  attniCtion  are 
perceptible  : — introduce  this  oxyde  into  a  covered  cruci¬ 
ble,  without  any  addition,  and  expose  it  to  a  violent  de¬ 
gree  of  heat  for  40  minutes,  (longer  in  proportion  to  the 
quantity,)  a  button  of  highly  oxyg'rnated  crude  iron  will 
be  obtained  :  if  the  heat  is  continued  longer  than  is  ne¬ 
cessary  to  effjct  this,  a  sm  all  mass  of  malleable  iron  will 
be  found  occupying  the  bottom  of  the  crucible.  The 
produce  in  either  case  will  be  short  of  the  real  quantity  of 
metal  contained  in  the  ox  vde.  When  oxygenated  crude 
iron  is  obtained,  the  ore  from  which  it  is  produced,  to  use 
the  common  phraseology,  is  said  to  contain  had  iron. 
That  this  has  no  relation  to  truth,  will  be  seen  by  taking 
another  portion  of  the  same  oxyde  :  let  it  be  mixed  either 
with  chalk  or  lime,  and  a  little  bottle-glass,  to  constitute 
fusibility,  and  expose  to  a  similar  degre*c  of  heat  with  tite 
former  ;  the  whole  contents  in  iron  will  then  be  found  rc- 

thc  philosopher’s  stone  of  the  iron  manufactory  ;  to  its  presence  is 
attributed  the  production  of  had  iron — when  the  metal  is  in  its  most 
valuable  state,  it  is  also  aulhhurtj  ; — it  prevents  cast  iron  from  be- 
cominj^  malleable,  and  if  Hulfihur  were  altogether  absent,  hard  or 
white  cast  iron  could  not  be  produced.  If  cast  ii*on  is  foi  nd  colour¬ 
ed,  it  is  by  the  kulfihur  ;  is  it  crystallised  and  coloured,  then  it  has 
sulphur  to  excess  ;  should  it  have  lost  its  strength,  or  have  hecome 
loose  in  the  fi^cture  by  an  excess  of  shrinkage  in  large  castini^s, 
still  it  is  by  the  agency  of  sulphur :  in  sliort,  in  every  process  in 
the  manufacturing^  of  iron,  sulphur  explains  the  whole  phenomena  1 
it  is  execrated  in  one  process,  and  anxiously  looked  for  inanoUier, 
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vived,  and  occupying  the  bottom  of  the  crucible  in  »the 
state  of  fine  carbonated  crude  iron.  Here  then  is  a  com¬ 
plete  alteration  in  the  quality  of  the  metal,  though  obtain¬ 
ed  from  the  same  ore ;  for  we  cannot  consider  iron  com- 
•bined  with  oxygen,  to  which  earthy  bases  are  given,  in  any 
other  light  tlian  that  of  an  ore.  Again,  let  a  portion  of 
mixture,  exactly  similar  to  the  last,  have  added  to  it  dou¬ 
ble  or  tripple  its  \veight  of  bottle  glass,  and  subject  the 
whole  to  an  equal  heat  with  the  former  experiments,  near¬ 
ly  a  complete  revival  of  all  the  metal  will  be  found  to 
have  taken  place  ^  its  quality,  however,  will  be  highly  ox¬ 
ygenated  and  brittle.  Such  experiments  clearly  demon¬ 
strate,  that  the  various  qualities  of  crude  iron  are  entirely 
owing  to  the  mixtures  in  the  ore,  and  their  treatment ; 
and  that  iron,  considered  as  a  simple  metallic  substance, 
is  the  same  in  point  of  quality  in  all  ores. 

If  iron  was  originally  formed  in  a  metallic  state,  its  pro¬ 
perty  of  decomposing  water,  whether  casually  exposed  to 
a  moist  atmosphere,  or  removed  at  v^ious  deptlis  from 
the  surface,  furnishes  an  hypothesis  as  to  the  primitive 
principle  of  iron  ores ;  that  part  of  the  water — by  far  the 
grcxitest — which  remained  undecomposed,  would  serve 
as  a  medium,  or  vehicle  of  suspension,  and  conveyance 
to  the  oxyde  ;  this  again,  in  its  turn,  would  be  deposited 
eltlier  at  the  founUiin-head,  or  at  a  greater  or  lesser  dis¬ 
tance  from  it,  according  to  the  affinities  exerted  upon  it 
by  other  substance's  with  which  it  might  come  in  contact. 
Corresponding  with  this  supposition,  we  commonly  find 
those  ores  which  are  formed  in  vertical  masses  or  knobs, 
approached  by  a  great  mimber  of  small  veins  occupying 
the  smallc'st  fissure  or  crevice  in  the  rock.  Time,  and 
the  re-action  of  additional  vater  and  acids,  would  a 
second  time  carry  off  a  port  ion  of  the  ore  in  chemical  u- 
nion ;  this,  by  the  exertion  of  new  affinities,  would  become 
l^recij^itated,  and  mixed  with  the  suspended  earths,  to  fonn 


regular  strata  of  iron-stone.  To  such  a  primary  and  se¬ 
condary  agency  of  formation  may  be  attributed  the  gene¬ 
ral  superior  richness  of  ores  found  in  irregular  vertical 
masses,  to  that  of  iron-stones.  The  same  cause  will  also 
explain  why  more  determinate  qualities  of  iron  are  obtain¬ 
ed  from  primitive  ores,  than  from  those  of  a  secondary 
formation.  In  the  former,  the  mixtures  are  commonly 
fe-.ver,  and  the  quality  of  the  malleable  iron  more  decided ; 
in  the  latter,  the  quality  of  the  metal  is  less  certain,  and 
more  various,  from  the  mixtures  being  more  numerous. 
Hence  we  may  also  trace  the  reason  of  the  superior  quali¬ 
ties  and  marks  possessed  by  some  of  tlie  foreign  fabrics 
over  each  other,  where  the  same  fuel  has  been  used,  and 
the  same  course  of  manufacture  followed. 

Having  so  far  considered  crude  iron,  in  regard  to  its 
fusibility,  and  the  facility  with  which  it  becomes  changed 
into  various  degrees  of  carbonation  or  oxygenation,  con¬ 
stituting  a  variety  of  qualities  most  pointedly  distinguish¬ 
ed  in  commerce,  and  in  which  the  metallurgist  discovers 
widely  different  properties  and  charateristic  forms ;  I  shall 
next  proceed  to  mention  in  what  manner  strength  may  be 
given  to  any  quality  of  crude  iron  which  may  probably  be 
obtained  bv  the  fusion  of  an  ore,  and  from  what  source 
this  property  is  derived. 

U}X)n  a  former  occasion  I  have  mentioned  that  iron,  ob¬ 
tained  from  argillaceous  ores,  possessed  a  degree  of  strength 
beyond  that  obtained  from  the  other  genera.  This  truth 
dilily  presents  itself  to  our  observation  in  the  large  scale  of 
manufacture ;  and  however  erroneous  the  reasoning  of  the 
manufacturer  as  to  the  cause,  yet  so  evident  are  the  conse¬ 
quences  produced,  that  we  must  immediately  attribute 
them  to  some  source  beyond  the  casualities  of  operation 
in  the  smelting  furnace.  In  the  explanation  of  this  fact, 
as  on  the  degrees  of  oxygenation  and  carbonation  in  ge¬ 
neral  the  manufacturer  has  recourse  to  the  existent  nature 
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of  the  iron  in  the  ore,  and  denominates  the  metal  contain¬ 
ed  ill  such  and  such  an  ore  to  be  “  strong,  coarse,  ill -melt¬ 
ing  iron  or  “  weak,  tender  iron,  possessing  no  body.’^ 
That  iron-stones  and  ores  yield,  in  the  ojKration  of 
smelting,  different  qualities  of  crude  iron,  as  to  strength, 
is  an  undeniable  fact ;  and  that  tlie  same  variety  attaches 
to  iron  when  converted  to  malleability  is  a  truth  daily  evin¬ 
ced  in  our  forges  :  yet  these  facts  by  no  means  entitle  us 
to  conclude,  without  farther  investigation,  that  these  va¬ 
rieties  of  strength  are  the  hereditary^  property  of  the  pris¬ 
tine  formation  of  the  metal.  This  inference  accords  with 
a  hasty  view  of  the  matter,  and  a  bare  comprehension  of 
effects,  without  tracing  to  its  source  the  modifying  prin¬ 
ciple  of  the  whole.  The  theory  which  I  have  adopted, 
and  which  in  every  step  I  have  found  supported  by  nume¬ 
rous  experiments,  upon  different  sci.les,  and  by  a  long 
course  of  practical  observation,  explains  to  me,  iiith 
much  more  ease  and  liarmony,  the  whole  phenomena  of 
quality  in  ores  luid  iron-stones. 

To  illustrate  that  part  of  my  theory  relative  to  strength, 
let  the  preceding  experiment,  wherein  carbonated  crude 
iroii  was  produced  from  the  oxyde  of  pure  iron,  be  Rqxat- 
ed  with  the  addition  of  a  little  pure  clay.  If  the  clay  ad¬ 
ded  be  half  the  H  eight  of  die  lime  also  used,  the  iron  will 
be  found,  when  subjected  to  the  gauge,  much  superior 
in  strength ;  and  if  the  experiment  be  accurately  perform¬ 
ed,  the  metal  will  be  but  a  little  reduced  in  point  of 
carboiuition.  The  following  projiortions  will  give  accu¬ 
racy  to  the  result : — Oxyde  of  iron,  4  puts — Lime,  2 — 
Clay,  1 — Glass,  3  =  10  parts.  By  mixing  clay  with 
the  flux  in  all  experiments,  the  strength  of  the  crude  iron 
is  improved.  This  point  may  be  urged  so  far  as  to  form, 
by  an  extra-addition  of  clay,  a  flux  of  difficult  fusion ;  in 
which  the  iron  becomes  suspended  in  globules,  which  ue 
piutially  malleabilised  apart  from  each  other.  Crude  iron. 
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obtained  with  a  superior  mixture  of  day,  in  all  its  stages 
of  quality,  possesses  a  greater  degree  of  strength  dian  iron 
from  calcareous  iron-stones.  Iron  from  argillaceous  iron¬ 
stone  is  reckoned  strongest  when  carbo-oxygcnated ;  that 
extracted’ from  calcareous  iron-stone  is  reckoned  to  pos¬ 
sess  most  strength  when  oxygenated,  mottled.*  I  would 
far  exceed  the  limits  of  the  present  communication,  were 
I  to  enter  fully  into  this  curious  subject,  and  particularise 
tlie  different  results  obtained  by  tlie  fusion  of  ores  with  dif¬ 
ferent  earths  in  various  proportions :  all  my  experiments 
have  fully  proved  to  me,  that  originally  the  quality  of  the 
iron,  simply  considered,  was  the  same ;  that,  as  it  under¬ 
went  change  by  decomposition  and  new  combination,  it 
became  united  to  foreign  substances,  possessing  widely 
different  properties ;  and  which  mixture,  by  a  general  fu¬ 
sion,  imparts  to  the  metal  various  properties,  seldom  ho¬ 
mogeneous,  but  frequently  otherwise  :  in  short,  that  the 
numberless  mixtures  with  which  it  is  combined  are  not 
neutral  in  fusion,  but  convey  an  alteration  to  the  quality  of 
the  reduced  iron.  I  hope  to  resume  this  subject  when 
my  experiments  will  be  more  extended  by  the  examina¬ 
tion  of  a  vast  variety  of  iron-stones,  and  shall  then  point 
out  the  consequent  effects  of  their  application  to  the  ma¬ 
nufacture  of  cast  and  malleable  iron. 

The  assaying  of  primary  oresf  comes  next  under  consi¬ 
deration.  These,  I  have  already  said,  possess  a  much 
greater  diversity  of  external  character,  as  well  as  internal 
vitriety,  than  those  of  iron-stone.  When  assayed  with  a 
vitreous  flux,  either  of  salts,  alkalies,  or  silex,  the  results 
are  rendered  very  uncertain  and  erroneous  :  when  pot-ash, 
tartar,  &c.  are  used,  the  crucible  is  often  destroyed,  and 
the  compound  entii’ely  lost :  when  bottle  glass  and  a  mix¬ 
ture  of  the^  are  used,  the  scoria  formed  is  so  very  black 

*  I  cannot  comprehend  this.  T.  C. 

t  Ores  fouiul  in  primitive  formations.  T.  C. 
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and  ponderous  as  to  give  the  most  presumable  indication 
of  the  secretion  of  metallic  oxyde  :  tliis  is  afterwards  ve¬ 
rified  by  fusing  the  mass  m  itli  a  mixture  of  dried  chalk 
and  charcoal,  a  globule  of  metal  will  be  obtained,  which 
evinces  the  richness  of  the  scoria  ;  this,  having  lost  its 
colouring  principle  (die  metal),  becomes  clear  and  trans¬ 
parent.  The  results  from  these  ores  by  fusion  afford  va¬ 
rious  products,  and  lead  to  different  conclusions :  I  shall 
mention  several  of  them. 

The  Cumberland  iron  ore,  u  hen  introduced  into  a  cru¬ 
cible  without  any  additional  mixture,  fuses  easily,  and 
forms  an  opaque  scoria,  internally  of  a  black  colour,  but 
towards  the  surface  co\  ered  ith  fine  shades  of  brow  n : 
this  arises  from  a  partial  oxygenation  of  the  semi-revived 
metal  while  cooling,  and  is  ol'ten  injured  by  a  fresh  com¬ 
bination  of  oxygen.*  If  the  crucible  remains  sound,  and 
the  melted  mass  is  kept  in  a  state  of  extreme  di\'ision  for 
an  hour,  a  considerable  quantity  of  metal  w  ill  be  found 
precipitaieel,  but  so  highly  oxygenated  as  to  shiver  to 
pieces  if  expost  d  to  air  before  it  is  entirely  cooled.  If,  wlien 
the  crucible  is  taken  from  the  furnace,  it  be  slightly  incli- 
ncel  to  one  sielc,  and  the  nutrified  fluid  entirely  removed 
from  the  suriacc  of  the  metal,  a  violent  deflagration  w  ill 
immediately  ensue,  the  ejected  globules  will  be  thrown 
three  feet  upw  ards  from  the  mouth  of  the  crucible  :  if  the 
quantity  of  metal  does  not  exceed  500  grains,  it  w  ill  total¬ 
ly  disapjx^ar,  except  a  rough  dark -blue  oxyde  in  die  bot¬ 
tom  of  the  crucible,  not  above  l-4th  of  the  original  weight. 
The  metal  thus  oxy  dated*  will  be  found  in  small  spherules 
of  a  blackish  colour,  and  spongy  around  the  spot  occupi¬ 
ed  by  the  crucible. 

This  curious  appcanince  is  in  fact  a  combustion  of  iron 
by  oxygen  gas,  furnished  by  the  decomposition  of  atmos¬ 
pheric  air  :  it  is  im  operation  w  Inch  the  accurate  observer 

*  By  being  exposed  to  the  atmosphere.  T.  C. 
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may  daily  see  manifested  in  almost  every  department 
of  the  foundeiy^  and  forge.  By  a  just  comprehension  of 
it,  and  a  proper  appreciation  of  its  effects,  we  have  a  key 
fortlie  elucidation  of  the  source  and  action  of  many  facts 
long  wrapped  in  mystery,  or  which  have  been  explained 
upon  principles,  destitute  of  stability,  and  unallicd  to  the 
fundamental*  operations  of  truth. 

In  place  of  withdrawing  the  crucible  immediately  upon 
the  separation  of  the  crude  iron,  were  it  to  remain  for  an 
liour  longer  under  an  inferior  degree  of  heat,  so  as  to  con¬ 
solidate  the  metal  without  again  fusing  it,  then  the  whole 
mass  would  be  found  malleable ;  the  scoria  light  and  po¬ 
rous.  In  one  of  my  experiments  upon  the  haematites  va¬ 
riety,  I  obtained  from  1  lb.  avoirdupois,  or  7000  Troy 
grains,  an  ingot  of  fine  malleable  iron  weighing  4486 
grains  a  produce  equal  to  64  per  centJ^ 

An  oxygenating  flux  was  hotvever  used,  and  nearly  the 
whole  contents  in  iron  previously  revived.  In  experi¬ 
ments  without  the  addition  of  a  flux,  the  transmutation  from 
cast  to  malleable  iron  is  shortened,  but  the  produce  is  not 
more  than  5-8ths  of  the  intrinsic  contents  of  the  ore.  Even 
this  process  may  be  considerably  sliortened  by  removing 
the  covering  of  vitrified  earths  floating  upon  tlie  surface  of 
the  metal :  thus  the  small  portion  of  tlte  carbonaceous 
principle  constituting  fusil)ility  is  almost  instantly  carried 
off  by  the  combination  of  oxygen ;  the  metal  loses  its  flu¬ 
idity,  becomes  thick  and  clotted,  and  more  speedily  pass¬ 
es  into  tlic  malleable  state.  In  tliis  process  the  quanti- 

*  This  might  be  adduced  as  a  proof  that  crude  iron  contains 
more  parts  congenial  to  malleability  than  is  genei*aliy  admitted,  or 
than  is  manifested  in  the  operation  of  converting  it  into  malleable 
iron  at  the  forge  :  the  loss  there  has  already  been  mentioned  to 
amount  to  from  30  to  50  ficr  cent,  of  real  metal ;  in  this  assay,  how^ 
ever,  the  produce  in  malleable  iron  was  only  4,5  less  than  v/hen 
accurately  assayed,  and  rich  carbonated  crude  iron  was  obtained  ; 
U)  which,  too,  the  carbon  constituted  apart  of  the  weight. 
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ty  of  malleable  iron  obtained  is  still  less  than  in  the  two 
former :  tlie  surface  of  the  metal  being  exposed  by  the 
removal  of  the  scoria,  oxydation  takes  immediate  effect ; 
and  whilst  malleability  is  pervading  the  under  surface  of 
the  metallic  button,  the  upper  one  becomes  reduced  to  a 
blackish  blue  oxyde.  Here  a  striking  proof  is  afford¬ 
ed  of  the  great  affinity  which  oxygen  has,  in  high  tem¬ 
peratures,  to  heat  or  caloric.  Were  the  surface  of  such 
highly  oxygenated  crude  iron  exposed,  while  fluid,  to  at¬ 
mospheric  ail',  at  an  ordinary  medium,  for  l-6th  of  the 
time,  its  whole  metallic  properties  would  be  completely  de¬ 
stroyed  :  in  the  present  instance  nearly  one-half  of  the  me¬ 
tal  is  preserved,  although  its  surface  is  exposed  to  the  ac¬ 
tion  of  a  violent  current  of  gas,  (air)  ignited  to  the  higliest 
pitch  of  whiteness*.  In  the  proper  assay  of  this  ore  I  have 

*  I  have  frequently  observed,  in  experiments  with  pretty  deep 
crucibles,  where  the  most  violent  heats  were  excited,  and  where 
the  fluid  metal  had  assumed  a  whidsh -blue  colour  some  what  inclin¬ 
ing  to  azure,  that  the  quantity  of  oxyde  formed  was  imperceptible, 
and  never  visible  while  the  heat  was  continued  of  equal  intensity ; 
when  this  agent  became  less  urgent,  the  surface  of  the  metal  be¬ 
came  oxydated  as  usual.  When  a  regulus  of  crude  iron  thus  ex¬ 
posed  was  wished  to  be  obtained  free  from  oxydation,  a  little  dry 
charcoal  was  introduced  into  the  crucible  so  as  to  cover  the  regu¬ 
lus  ;  this  prevented  the  action  of  the  air  from  taking  effect  while 
cooling,  and  preserved  the  button  smooth.  During  such  expo¬ 
sures,  when  no  oxyde  was  produced,  I  have  noted  a  loss  of  metallic 
parts  equal  to  5.7,  or  10  /ler  cent,  when  the  space  of  time  did  not 
exceed  one  hour.  Among  several  conjectures  respecting  the 
cause  of  this  deficiency  in  weight,  and  real  abstraction  of  metal,, 
the  two  following  have  with  me  most  veight.  1st,  Either  the  me¬ 
tal  deflagrates  in  small  particles,  which  arc  thrown  out  of  the  cru¬ 
cible  in  sparkles,  made  invisible  by  the  transcendent  brightness  of 
the  surrounding  heat :  Or,  2d,  that  in  consequence  of  the  fluid  me¬ 
tal  being  exposed  to  such  a  degree  of  heat,  in  contact  with  oxygen¬ 
ous  gas,  part  of  it  becomes  acidified,  and  forms  the  ferric  acid  * 


*  This  acid  has  never  yet  been  shewn.  T.  C, 
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found  all  the  varieties  susceptible  of  various  degrees  of 
carbonation :  for  the  most  part  I  have  used  chalk  and 
charcoal  for  the  reduction  of  the  ore  into  carbonated  crude 
iron.  In  the  haematites  variety,  for  1  lb.  avoirdupois  I 
have  commonly  added  6  oz.  dried  chalk*  and  3-4ths  oz. 
of  charcoal ;  and  for  the  splinty  blue  ore  also  a  similar 
mixture.  From  both  of  these  I  have  obtained  the  rich¬ 
est  sort  of  crude  iron.  In  the  manufactory,  these  varie¬ 
ties  are  always  reckoned  to  produce  the  hardest  and  most 
infusible  qualities  of  crude  iron :  when  the  metal  is  sub¬ 
sequently  manufactured  into  bars,  it  is  stated  at  different 
places  to  produce  cold  and  hot  short  iron. 

The  kidney  ore  will  admit  of  a  diminution  of  chalk,  and 
a  small  addition  of  glass  ;  1  lb.  avoirdupois  of  this  varie¬ 
ty  will  be  accurately  assayed  with  the  addition  of  5  oz. 
chalk,  1  oz.  of  glass,  and  3-4ths  oz.  cliarcoal.  The  same 
proportion  of  mixtures  will  also  accurately  reduce  the 
small  pieces  of  this  ore,  commonly  of  a  soft,  greasy  con¬ 
sistency,  mixed  with  small  fragments  of  the  haematites 
and  kidney,  and  will  give  out  the  iron  which  they  contain 
super-carbonated.  A  mixture  of  this  soft  ore  witli  kid¬ 
ney  is  preferred  to  tlie  richer  varieties  at  the  iron  manu¬ 
factories.  The  Lancashire  ore  chiefly  consists  of  this 
compound,  and  the  poorer  in  iron  has  always  a  decided 
preference  given  it  at  tlie  blast  furnace. 

The  stratified  iron  ore  of  the  island  of  Islay  is  of  most 
difficult  fusion  when  treated  without  any  addition.  It 
fuses  into  a  blackish  green  ponderous  mass,  and,  even 
exposed  to  the  highest  heats,  lets  fall  but  a  small  share  of 
its  iron.  The  quality  tluis  obtained  is  in  the  highest  degree 
oxygenated ;  its  fracture  is  partially  crystallised  in  lines 
which  converge  towards  the  upjx^r  surface  of  the  button, 
similar  in  crj^stallisation  to  tlic  fracture  of  zinc.  A  re- 
gulus  thus  obtained,  when  divested  of  its  scoria,  and  pro- 

♦  Instead  of  chalk,  pure  limestone  or  marble  might  be  used.  T.  C 
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j^erly  exposed  to  the  action  of  tlie  ignited  gas,  soon  loses 
its  fluidity,  and  passes  into  the  state  of  strong  malleable 
iron.  If  this  operation  is  performed  upon  a  large  quanti¬ 
ty,  without  agitating  or  turning  the  mass,  the  upper  sur¬ 
face  of  malleable  iron  will  early  acquire  the  cold  short  qua- 
lit}',  and  will  be  subject,  at  the  same  time,  to  an  uncom¬ 
mon  waste  by  the  rapid  ox}  dation  of  its  parts.  In  assay¬ 
ing  this  ore  for  the  production  of  carbonated  crude  iron, 
the  results  are  obUiined  with  considerable  difficulty  ;  sel¬ 
dom  perfect  till  the  second  or  third  ex^xTiment.  This  is 
chiefly  owing  to  the  great  variety  of  quality  in  the  stratum, 
two  pieces  seldom  being  alike  either  in  appeanuice  or  in 
reality.  The  inferior  masses  yield  from  44  to  48  per 
cent ;  and  the  superior  cjualities  I  have  found  as  rich  as 
56  to  61  per  cent.  To  obtain  carbonated  crude  iron  from 
the  richest  varieties  of  this  or*,  add  to  1  a^  oirdupois  lb.  of 
it,  7  ounces  of  dried  chalk,  3  of  bottle-glass,  anel  1  of  char¬ 
coal.  This  mixture  will  produce  soft  crude  iron,  possess¬ 
ing  great  strength,  and  an  uncommonly  large  crystallised 
grain.  The  poorer  qualities  require  an  additional  qiuin- 
tity  of  calcareous  earth,  to  restore  the  equilibrium  lost  l^y 
the  substitution  of  silex  in  })lace  of  iron.  This  ore  had 
a  trial  in  the  large  way  at  Clyde  Iron  Works,  but  was 
found  to  yield  bad  iron  tvith  the  usual  proportion  of  fuel. 

Opposite  in  its  quality  and  results  is  the  Swedish  ore 
of  the  iskuid  of  Elba.  This,  when  presented  to  a  requisite 
proportion  of  carbonaceous  matter,  to  take  up  its  oxygen, 
not  only  clciirs  itself  of  this  hurtful  mixture,  but  iJso  takes 
up  a  considerable  portion  of  carbon,  which,  in  fusion,  be- 
comes  united  to  the  metal,  and  constitutes  it  perfectly  car¬ 
bonated.  In  experiments  with  this  ore,  I  found  that  when 
2  oz.  of  it  were  treatetl  with  2  and  a  half  oz.  chalk,  hall  an 
oz.  bottle-glass  and  a  quarter  oz.  charcoal,  the  mixture  was 
with  difficulty  reduced  to  a  white  glass ;  which  at  no  time 
had  been  suffTicicntly  divided  to  allow  a  general  gravitation 
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to  the  many  globules  of  beautiful  carbonated  Iron  thus  se¬ 
parated.  In  fusion,  therefore,  per  se,  the  metal  precipita¬ 
ted  becomes  greyish,  iuid,  in  many  instances,  affords  simi¬ 
lar  results  to  a  pure  calcareous  iron-stone  ;  with  this  prin¬ 
cipal  difference,  that  it  abounds  with  nearly  a  double  quan¬ 
tity  of  metal,  whose  tendency  to  become  carbonated  is  no¬ 
ways  inferior  to  any  iron-stone  of  that  class.  A  smooth 
Carbonated  regulus  ill  be  obtained  from  this  ore,  by 
using  the  following  proportions :  Ore  in  a  raw  state,  2 
ounces;  chalk,  2  ounces;  bottle-glass,  1  1-2  ounce; 
and  charcoal,  quarter  oz.  The  scoria  resulting  from  this 
fusion  will  be  of  a  light-blue  colour,  clouded,  and  variega¬ 
ted  like  an  agate,  and.  \  ery  transparent.  The  great  dis¬ 
tance  of  Elba  from  this  country  precludes  the  possibility 
of  using  this  ore  in  our  manufactories  with  any  profit,  un¬ 
less  it  could  be  brought  home  as  ballast,  and  delivered  in 
the  vicinity  of  any  iron-work  at  22s.  pi  r  ton.  The  pro¬ 
ducts  obUtined  from  it  in  the  assay -fun  lace,  indicate,  in 
an  uncommon  degree,  how  very  valuable  tlie  quality  of 
crude  iron  w  oiild  be  in  the  scale  of  manufacture,  bv  its 
application. 

The  Norwegian,  Danish,  and  Swedish  ores,  found  in 
strata,  resemble,  in  many  points,  the  Scotch  ore  of  the 
island  of  Islay  ;  in  assaying  them  a  similar  treatment  is 
necessiry.  Some  of  them  iu*c  more  fusible,  and  afford 
singular  qualities  of  crude  iron.  When  fused  with  oxy¬ 
genating  fluxes,  the  metal  produced  is  uncommonly  hard 
and  brittle ;  exliibiting  a  fracture  studded  with  brilliant 
mirrors,  diverging  the  light  in  small  radii :  even  when 
fluxes  are  iisexl,  capable  o:  convc}  ing  carbonation,  the  me¬ 
tal  exhibits  this  bright  griiniiLtcd  fracture  in  a  great  de- 
gre^e.  One  of  the  ores  from  the  mine  of  Houban,  upon 
being  exposed  a  considerable  time  after  separation,  afford¬ 
ed  a  mass  of  pretty  good  steel.  The  proportions  neces- 
iary  to  assay  these,  ith  accuracy,  so  intimately  depend 
upon  thch  richness,  and  the.  relative  proportions  of  mix- 


ture  with  w  hich  the  iron  is  combined,  that  the  same  recipe 
can  seldom  be  applied  to  more  than  one  variety.  As 
iron-stones  are  more  defined,  and  their  treatment  prescri- 
bed  by  more  certain  rule,  a  know^ledge  of  them  will  soon 
lead  to  a  just  comprehension  of  the  primary  ores ;  a  se¬ 
cond  experiment,  therefore,  with  any  of  them,  w  ill  be  suf¬ 
ficient  to  point  out  the  necessary^  proportions  for  obtaining 
in  the  next  assay  carbonated  crude  iron.  In  one  collec¬ 
tion  of  Norwegian  ores  I  found  the  following  variety : — 


No.  1* 

No.  2. 

No.  3i 

No.  4. 

No.  5. 

No.  6. 

Xfi 

ri8 

-  21 

35 

-  47 

-  55  - 

63  iron 

-  16 

-  19 

-  11 

-  24  - 

19  volatile 

a. 

■  L65 

-  63 

-  46 

-  42 

-  21  - 

18  earths 

100 

100 

100 

100 

100 

100 

This  simple  table  will  shew  plainly  how  necessary  it  is 
to  accommodate  the  flux  to  the  vi\riety  of  the  ore.  If 
from  this  collection  you  wish  to  obtain  carbonated  regu- 
lus,  it  is  obvious  that,  in  order  to  saturate  them  equally, 
the  iron  contained  in  No.  3  ought  to  be  presented  w^ith 
double  the  quantity  of  carbon  necessary  to  carbonate  No. 
1;  No.  5  w  ith  a  triple  quantity ;  that  of  No.  6  with  more 
than  3  and  a  half :  and  as  I  have  proved  tliat  this  effect 
will  be  chieffy  produced  with  the  use  of  a  calcareous  earth, 
it  w  ill  at  once  be  conceived  how  far  this  substance  is  to  be 
\ised  as  the  instrument  of  alteration. 

In  the  recipes  adduced  in  this  and  the  preceding  paper, 
I  have  always  noted  charcoal  as  a  constituent  of  each  mix¬ 
ture.  Since  I  discovered  that  the  contact  of  calcareous 
earths  conveyed  carhonation  to  the  metal^  by  the  decomposi¬ 
tion  of  the  carbonic  acid,  I  have  reduced  the  proportion 
of  charcoal  commonly  used  in  the  flux,  and  have,  in  the 
treatment  of  most  iron-stones,  even  abandoned  it  altoge¬ 
ther  :  how  ever,  as  my  experiments  have  not  yet  extended 
universally  to  primary  ores,  I  have,  in  the  mean  time,  re¬ 
tained  it  as  a  constituent  part  of  the  solvent. 
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The  ore  being  thus  analysed,  It  may  be  submitted  to 
the  common  processes  in  the  large  way. 

Boasting,  If  the  ore  on  being  pounded  and  exposed 
to  a  full  red  heat,  gives  out  any  sulphureous  vapour,  it 
should  be  roasted,  by  placing  it  in  wedge-like  heaps,  and 
leaving  openings  for  a  fire.  The  ore  thus  roasted  with  a  full 
red  heat  for  10  or  12  hours,  will  part  with  nearly  all  its  sul¬ 
phureous  and  watery  jxuts.  But  unless  it  be  stratified  with 
charcoal  dust,  the  current  of  air  will  oxygenate  it,  and  ren¬ 
der  it  still  less  metalline  tlian  before,  and  cause  it  to  require 
a  greater  charge  of  charcoal,  and  a  longer  time  in  the  smelt¬ 
ing  furnace.  Mr.  Mushet  proposes  roasting  die  ore  in  a 
separate  furnace,  but  this  would  appear  here,  a  plan  too 
complicated. 

The  common  method  as  detailed  by  Dr.  Aikin,  is  as 
follows.  1  Chem.  diet.  596. 

The  first  process  that  the  iron-stone  undergoes  after  it 
has  been  broken  into  pieces  not  larger  tiian  an  egg,  is  roast¬ 
ing.  This  is  sometimes  performed  in  cup-shaped  kilns, 
the  bottom  being  occupied  by  lighted  coals  and  the  kiln 
then  filled  up  with  ore,  which  by  the  time  that  the  fuel  is 
consumed  is  found  to  be  sufficientlv  torrified.  The  most 
usual  way  however  of  burning  iron-stones  is  the  follow¬ 
ing.  Upon  an  oblong  piece  of  firm  and  level  ground  is 
laid  a  bed  of  small  coal  from  four  to  eight  inches  in  diick- 
ness ;  upon  this  is  placed  a  stratum  of  iron-stone  compo¬ 
sed  of  pieces  as  nearly  as  possible  of  the  same  size,  and 
from  18  inches  to  two  feet  thick :  the  upper  surface  of 
this  is  then  rendered  more  compact  by  filling  up  the  inter¬ 
stices  with  smaller  pieces  of  ore.  Upon  this  rests  a  layer 
of  small  coal  not  more  than  two  inches  thick,  and  on  this 
as  a  base,  is  reared  a  gradually  diminishing  pile  of  ore  so 
as  to  resemble  the  ridge  of  a  house ;  finally,  the  whole  ex¬ 
ternal  surface  receives  a  compleat  covering  of  small  coals 
and  coal  dust.  The  pile  is  kindled  by  applying  burning 
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"coals  to  the  lower  stratum,  which  by  degrees  ignite  the 
whole  mass.  The  breadth  of  the  pile  at  the  bottem 
varies  from  10  to  16  feet,  the  usual  height  is  about  five 
feet,  and  the  length  varies  from  30  feet  to  60  yards.  When 
the  coals  are  consumed  the  pile  gradually  cools,  and  in 
eight  Or  ten  days  may  be  wheeled  away  to  the  furnace. 

The  ore  if  well  roasted  ^vill  now  be  of  a  reddish  brown 
colour,  of  diminished  specific  gravity,  and  will  have  be¬ 
come  magnetical :  the  sulphur,  water,  inflammable  matter, 
and  carbonic  acid  that  it  origmally  contained,  will  have 
been  dissipated,  and  it  is  now  ready  to  be  smelted. 

The  following  remarks  and  experiments  by  Mr.  Mush- 
et,  throw  great  light  on  the  tlieory  of  roasting,  or  torrefac- 
tion.  3  Phil.  Mag.  200. 

The  burning  or  torrefying  of  iron-stones,  known  in  the 
large  way  by  the  rather  iinpropier  term  oi calcination ^  con¬ 
sists  in  exposing  the  stone  to  a  certain  degree  of  heat  in 
contact  with  air,  in  order  to  dispel  those  substances  which 
it  contains,  capable  of  assuming  the  aeriform  state  by  the 
combination  of  caloric.  This  operation  ought  to  be  per¬ 
formed  in  a  progressive  heat,  always  short  of  fusion.  The 
water  is  then  slowly  evaporated  w^ithout  being  decompo¬ 
sed  ;  the  caloric  unites  to  the  carbonic  acid,  w  hich  soon 
assumes  the  gaseous  state ;  and  lastly,  the  sulphur,  if 
any,  sublimes. 

This  process  is  essentially  necessarj*  to  be  performed  be¬ 
fore  the  iron-stone  is  introduced  into  the  blast-fumace. 
Were  raw  iron-stone,  or*  ore,  precipitated  in  the  violent 
lieat  of  the  smelting-furnace,  the  water  and  acid  w  ould  in- 
'  stantly  be  decomposed  ;  the  oxygen  would  partly  unite  to 
the  iron  in  addition  to  the  fixed  quantity  peculiar  to  each 
ore,  and  part  of  it  w’ould  oxygenate  the  sulphur,  either  of 
the  ore,  or  of  the  pit-coal,  a  portion  of  w  hich  is  always 
present  in  tlie  furnace.  The  whole  mass  w  ould  then  be 
precipitated  in  fusion,  and  a  dark  porous  lava  obtained. 


containing  Iron  more  difficult  to  be  revived  tlian  ever, 
owing  to  the  great  quantity  of  oxygen  combined  w  ith  it. 
In  cases  of  this  kind,  ,thc  disengaged  hydrogen  manifests 
its  escape,  by  changing  the  colour  of  the  flame  from  a 
mellow  uhite  to  a  pale  sickly  blue. 

It  must  from  all  this  appear  obvious,  that,  when  torre- 
faction  has  been  properly  conducted,  a  ^^eIy’  considerable 
part  by  w’eight  of  the  w'hole  will  be  dissipated :  the  ab» 
sence  of  these  volatile  substances  always  lea'v^es  the  iron¬ 
stones  more  or  less  magnetic.  The  loss  of  weight,  how^- 
ever,  is  very  different  in  the  viu*lous  classes  of  iron-stones, 
even  when  tliey  are  all  exposed  for  the  same  length  of  time 
to  a  degree  of  heat  capable  of  expelling  those  mixtures, 
w  hich,  under  such  circumstances,  assume  the  gaseous 
state. 

1.  Calcareous  iron-stone,  when  properly  exposed  to 
ton  cfaction,  loses  more  of  its  w  eight  tlian  cither  of  the 
other  two  classes.  Where  the  lime  is  abundant,  I  have 
found  this  iron-stone  lose  38  per  cent,  but  more  common¬ 
ly  35  and  36  per  cent,  of  water,  carbonic  acid,  and  sul¬ 
phur. 

2.  Argillaceous  iron-stones,  exposed  to  a  similar  de- 
gree  of  heat,  and  treated  in  the  same  manner,  commonly 
lose  in  weight  from  32  to  35  per  cent. 

3.  Siliceous  iron-stones  always  give  out  less  weight 
w  hen  exposed  to  torrefaction  under  similar  circumstan¬ 
ces  with  other  stones.  In  common  they  lose  from 
27  to  30  per  cent.  I  have,  tliough  rarely,  found  them  to 
give  out  25  per  cent.  only. 

The  extreme  loss  of  w  eight  in  each  class  must  be  con¬ 
sidered  as  the  utmost  point  to  which  torrefaction  can  with 
safety  be  urged,  without  exposing  the  iron-stone  to  an  ac¬ 
cumulation  of  weight  by  the  combination  of  oxygen. 

From  the  variously  compoimded  natures  of  iron-stones 
arise  the  various  calculations  of  the  loss  which  they  are  said 
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to  sustain  in  burning  at  different  iron-works.  Fields  of  ii  on- 
stone  are  commonly  impressed  with  a  general  distinguish¬ 
ing  characteristic  feature :  some  are  of  the  calcareous  ge¬ 
nus  ;  some  of  the  argillaceous ;  and  others  again  have  a 
more  intimate  alliance  witli  silex  than’  the  former  two. 
Hence  we  find,  at  those  wwks  w^here  the  chief  supply  is 
drawn  (him  tlie  argillaceous  iron-stones,  that  the  loss  in  tor- 
refaction  on  the  great  scale  is  computed  (him  30  to  33 
per  cent.  Where  calcareous  iron-stones  form  the  chief 
supply,  the  loss  is  estimated  at  from  35  to  37  1-2  per 
cent.  Few  or  no  iron- works  are  obliged  to  have  recourse 
to  iron-stones  abounding  with  sand  for  their  chief  con¬ 
sumption  ;  a  general  estimation  of  the  loss  sustained  by 
this  stone  in  the  large  way  is  therefore  difficult  to  be  made, 
though,  I  have  heard,  that  at  some  works  25  per  cent, 
was  all  that  was  allowed  to  be  expelled  during  burning. 
Nature  has  been  extremely  kind  in  the  formation  of  our 
secondary  ores  of  iron ;  as  the  bulk  of  them,  that  contain 
iron  sufficient  to  entitle  them  to  be  smelted,  are  combined 
with  superior  proportions  of  clay  and  lime. 

As  the  burning  or  torrefying  of  iron-stones  is  of 
great  importance  to  the  manufacturer,  and  as  it  may  be 
in  some  respects  gratifying  to  the  man  of  science,  I  shall 
particularly  enter  into  the  various  phenomena  attending 
the  operation;  dividing  torrcfaction  into  two  classes: 
that  which  deprives  iron-stones  of  certain  substances  ca¬ 
pable  of  becoming  aeriform  by  the  combination  of  caloric 
in  contact  with  atmospheric  air ;  and  that  which  deprives 
ores  of  their  oxygen — hence  called  de-oxygenation — by 
heating  them  in  contact  w  ith  charcoal,  in  closed  vessels, 
or  in  cavities  impendous  to  the  external  air. 

1.  The  consequences  of  heating  iron-stone  exposed  to 
air  is  a  loss  of  w  ater,  sulphur,  and  carbonic  acid*.  A 

^  I  have  seen  some  iron-stones  in  torrefying  deposit  a  beautiful 
oxyd  upon  their  surface,  of  a  lake  colour,  and  light  as  down.  The 
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small  proportion  of  oxygen  may  at  times  be  unfixed,  when 
the  fuel  may  chance  to  come  into  contact  with  the  heated 
iron-stone  under  a  partial  exclusion  from  air.  But  the  as¬ 
sociation  of  circumstances  necessary  to  effect  this  can  so 
seldom  be  the  effect  of  chance,  that  it  is  never  to  be  look* 
ed  for  with  certainty.  When  the  operation  is  properly 
performed,  the  last  particle  of  acid  and  water  may  be  ex¬ 
pelled.  But  this  point  is  difficult  to  be  ascertained  with 
any  degree  of  exactitude:  for,  in  proportion  as  these 
gaseous  substances  are  carried  off,  the  metal  becomes 
more  and  more  revived,  of  course  more  and  more  liable  to 
attract,  and  fix  oxygen  by  the  decomposition  of  the  igni¬ 
ted  gas ;  and,  as  the  last  portions  of  the  acid  and  water  are 
distilling,  the  stone  is  apt  to  gain  weight  by  the  calcina¬ 
tion  (oxygenation)  of  its  iron.  This  will  positively  be 
the  case  when  the  heat  is  carried  beyond  the  necessiuy^  de¬ 
gree,  and  is  indicated  by  the  iron-stone  swelling  in  bulk, 
becoming  specifically  lighter  and  porous  on  the  surface, 
but  gaining  weight  in  a  great  degree  internally.  As 
oxygenation  goes  on,  the  magnetic  virtue  decreitses,  until 
at  last  it  becomes  entirely  annihilated. 

The  first  stage  in  torrefaction  is  indicated  by  the  first 
general  change  of  colour  in  the  iron-stone.  This  is  com- 

same  substance,  I  have  observed,  efiloresced  upon  the  surface  of 
the  fracture  of  highly  oxygenated  crude  iron,  which  had  been  bro¬ 
ken  immediately  after  the  metal  had  lost  its  fluidity.  From  this 
coincidence  of  effect,  I  am  inclined  to  suppose,  that  the  oxyd  de¬ 
posited  on  the  iron-stone  in  burning,  is  the  consequence  of  the  de¬ 
composition  of  the  sulphuric  acid;  a  portion  of  which  had  been 
mineralised  with  the  stone,  holding  iron  in  solution ;  and  that  in 
the  latter  it  was  occasioned  by  a  superabundance  of  oxygen  in  the 
blast-furnace,  probably  from  the  introduction  of  raw  iron-stone, 
which  had  escaped  the  effects  of  the  fire  :  that  the  sulphur,  as  for¬ 
merly  stated,  had  become  oxygenated,  dissolving  a  portion  of  the 
metal;  which  was  again,  deposited  in  the  state  of  a  calcined  sul- 
phat,  when  the  acid  was  suffered  to  escape,  by  being  freely  expos¬ 
ed  at  a  high  degree  of  heat  to  open  air. 


monly  a  faded  blood  colour,  more  or  less  dark  according 
to  the  quantity  of  lime  present, 

I  have  repeatedly  made  use  of  all  the  various  iron¬ 
stones,  in  the  state  of  a  fine  powder,  in  order  to  ascertain 
what  was  the  weight  lost  by  each  class  in  its  transition 
from  its  native  hue  to  the  first  stage  of  an  assumed  colour. 
And  I  am  enabled  to  state  the  following  as  an  average  of 
the  results  obtained  on  this  head  :  Calcareous  iron-stones 
give  out  six  parts  *m  one  hundred  of  the  raw  mineral : 
argillaceous  iron-stcMies,  five ;  and  siliceous  iron-stones, 
four  and  a  half. 

If  the  pulverised  iron-stone  is  tlirown  into  a  vessel  red 
hot,  this  loss  will  be  effected  in  two  minutes.  The  change 
of  colour  is  immediately  effected  on  those  parts  in  contact 
with  the  heated  iron.  The  w  hole  is  brought  into  contact 
with  it ;  and  when  thrown  out,  the  magnet  will  be  found 
to  have  acquired  a  perceptible  influence  over  it.  When 
the  powder  is  first  thrown  in,  a  slight  decripitating  noise 
is  heard  for  a  few  seconds.  This  operation  may  also 
serve  to  shew  the  presence  of  sulphur,  or  of  its  acid. 
When  in  the  former  state  it  instantly  takes  fire,  and  burns 
with  a  dark  lambent  flame.  When  the  acid  is  present,  it 
is  easily  known  by  the  suffocating  fumes  disengaged  by 
the  action  of  heat. 

The  application  of  heat  beyond  tlie  first  stage  of  colour, 
causes  the  iron-stone  to  pass  through  a  variety  of  shades. 
These,  as  in  metallic  substances,  are  the  effects  of  the  pre¬ 
sence  of  air  at  certain  degrees  of  heat*.  As  the  progres¬ 
sive  dissipation  of  tlie  volatile  mixtures  takes  effect,  the 
colour  deepens ;  and,  according  to  the  nature  of  the  iron- 

*  From  smooth-surfaced  iron-stones  and  ores,  when  exposed  to 
heat  partially  sheltered  by  charcoal  dust  from  the  action  of  air,  I 
have  obtained  all  the  shades  of  colour  peculiar  to  polished  iron  and 
steel;  but  with  less  of  the  metallic  lustre,  owing  to  the  surface  be¬ 
ing  more  porous. 
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i^one,  becomes  fixed,  of  a  brown,  dark  brown,  or  deep 
claret  colour.  These  indicate  the  almost  entire  expulsion 
of  the  water,  acid,  &c.  In  this  state,  all  iron-stones  are 
possessed  of  magnetic  attraction,  and  exhibit  the  various 
phenomena  already  described,  as  being  peculiar  to  their 
respective  natures. 

The  methods  commonly  in  use  for  torrefying  iron-stone, 
in  the  large  way,  are  of  tw  o  difierent  kinds :  that  of  burn¬ 
ing  in  kilns  or  conical  furnaces ;  and  that  of  exposing 
iron-stone  in  open  air,  stratified  with  coals,  to  combus¬ 
tion.  The  former  is  used  in  some  places  in  Wales ; 
the  latter  is  almost  universally  adopted  in  England,  and 
totally  so  in  Scotland. 

In  the  operation  with  furnaces,  they  become  filled  en¬ 
tirely  with  iron-stone,  except  a  stratum  of  coals  in  the  bot¬ 
tom,  which  is  afterwards  inflamed.  The  combustion  is 
then  carried  on  by  means  of  a  current  of  air  passing 
through  tlie  furnace,  and  forcing  the  heat  along  with  it. 
When  the  iron-stone  is  deemed  sufficiently  burnt,  the  re¬ 
gister  is  shut  up  ;  and  the  combustion,  no  longer  main¬ 
tained  by  means  of  external  air,  soon  dies  away,  and  leaves 
the  furnace  to  c(X)l. 

The  most  common  method,  however,  of  burning  iron¬ 
stones  consists  in  levelling  a  piece  of  ground,  and  covering 
it  with  a  layer  of  small  pit-coals.  This  is  of  various  thick¬ 
nesses,  4,  6,  or  8  inches,  according  to  the  height  the  pile 
IS  to  be  built,  and  tlie  nature  of  die  iron-stone.  Upon 
this  stratum  of  coals  the  pieces  of  iron-stone  are  imbed¬ 
ded,  as  nair  to  the  same  size  as  possible,  in  order  that  all 
may  be  equally  acted  upon.  These  are  reared  to  various 
heights,  18,  20  to  24  inches,  the  determination  of  its 
height  depending  upon  circumstances.  The  surface  is  a 
second  time  levelled,  by  introducing  small  pieces  of  iron¬ 
stone  betwixt  the  interestices  occasioned  by  the  angles  of 
the  larger.  This  again  receives  a  covering  of  small  coals, 
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{ieldom  exceeding  2  inches  in  tliickncss.  Uix^n  this  is 
reared  tlie  subsequent  building,  alwa}'s  gradually  narrow¬ 
ing  itself  till  it  has  assumed  the  sliape  of  a  stout  wedge, 
with  its  base  resting  upon  the  ground.  After  this  is  ef¬ 
fected,  the  whole  of  the  external  surface  receives  a  com¬ 
plete  covering  of  the  smallest  sort  of  coals.  The  pile  is 
kindled  by  applying  burning  coals  to  the  ground  stratum. 
This  creeps  slowly  along ;  heats  the  stone  upwards ;  kin¬ 
dles  the  second  layer  of  small  coals,  and  ultimately  inflames 
the  whole  mass  from  top  to  bottom. 

When  the  coals  are  consumed,  the  pile  gradually  cools, 
and  in  8  or  .10  days  may  be  wheeled  away  to  the  furnace. 

The  qiumtity  of  iron-stone  burnt  at  one  time  is  various 
at  different  and  even  at  the  same  places  ;  some  kinds  re¬ 
quire  to  be  burnt  in  smaller  heaps,  owing  to  their  nature 
and  fusibility.  At  some  works  the  fires  extend  from  50 
to  60  yards ;  and  it  is  not  uncommon  to  see  skilful  work¬ 
men,  at  one  end,  adding  fresh  materials  to  the  burning 
pile;  while  others,  at  the  opposite  end,  are  employed 
wheeling  away  that  which  the  fire  has  left  sufficiently 
burned  for  the  puqiosc  of  the  furnace.  Fires  that  extend 
from  30  to  60  feet  in  length  are  more  common  ;  from  10 
to  16  feet  wide,  and  about  5  feet  high. 

At  most  iron- works  a  local  opinion  exists,  to  what  de¬ 
gree  of  heat  iron-stone  ought  to  be  exposed  before  it  is 
properly  fit  for  the  blast-furnace.  All,  however,  agree  that 
burning  is  necessary ;  though  few  give  an  accurate  rea¬ 
son  why.  The  only  one  I  have  heard  adduced  is,  that 
iron-stone  is  calcined  in  order  to  bum  out  the  sulphur  and 
other  heterogeneous  mixtures.  Hence  arise  a  diversity  of 
opinions,  chiefly  founded  upon  individual  notions  of  the 
fixity  or  volatility  of  sidphur.  Some  contend  that  sul¬ 
phur  is  easily  displaced,  and  that  therefore  the  iron-stone 
should  be  moderately  calcined;  lest  the  sulphur  from  the 
coal  used  in  burning  it  should  enter,  and  again  hurt  the 
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^juality  of  the  iron.  On  the  other  hand,  it  is  said  that 
sulphur  is  of  difficult  expulsion  from  the  centre  of  the 
stone,  as  it  is  never  seen  going  off  till  a  bright  red  heat 
forcibly  expels  it ;  and  therefore  it  is  highly  requisite  the 
iron-stone  should  be  long  and  violently  exposed  till  the 
last  portion  is  got  rid  of.  T o  effect  this,  therefore,  the  heat, 
say  they,  ought  to  be  urged  till  such  time  as  the  stone  has 
indicated  signs  of  fusion,  or  has  partially  suffered  thereby. 
In  order  to  give  strength  to  this  opinion,  those  who  adopt 
it  add,  that,  by  such  severe  calcination^  the  volume  of 
stone  is  reduced,  becomes  heavier,  and  that  it  will  conse. 
qiiently  occu])y  less  room  in  the  blast-furnace ;  of  course 
it  is  imagined  that,  bulk  for  bulk,  the  iron-stone  becomes 
richer  in  iron  than  when  in  a  raw  state. 

^  Those  who  are  acquainted  with  the  oxydation  of  me¬ 
tals,  and  the  consequent  increase  of  weight,  will  at  once 
discover  the  source  of  this  error,  and  readily  conceive, 
that,  after  the  metal  in  the  iron-stone  has  become  partially 
disengaged  by  the  expulsion  of  water,  carbon  acid,  sul- 
pliur,  8cc.  forming  frequently  a  third  part  of  the  whole 
weight,  it  will  become  an  object  of  attack  to  the  oxygen 
of  the  atmospheric  air,  the  combination  of  which  with 
the  iron,  alone  adds  to  the  actual  increase  of  weight,  and 
not  the  transposition  of  the  particles  of  metal  from  one 
piece  of  iron-stone  to  another.  It  must  also  be  obvious 
that,  where  such  fallacious  prejudices  have, taken  root,  the 
consequences  must  frequently  be  fatal  to  the  interests  of 
the  manufacturer ;  as  such  iron-stones,  literally  calcined, 
must  require  an  additional  portion  of  fuel  to  furnish  carbon 
to  carry  off  the  superadded  oxygen. 

It  is  somewhat  remarkable  that  the  phenomena  attend¬ 
ing  the  oxydation  of  iron  should  be  entirely  unknown  at 
iron  manufacitol'ies.  Such  a  process  is  never  dreamt  of, 
and  even  the  dcclaimers  against  severe  torrefaction  only 
account  for  the  increase  of  w'eight,  by  asserting  that  the 
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earthy  parts  are  burnt  out  and  nearly  consumed,  and  that 
the  metallic  parts  only  remain,  destroyed  however  in  their 
nature  and  reduced  to  a  cmder. 

We  are  not  to  wonder,  therefore,  at  the  uncertain  re. 
suits  which  the  untutored  manufacturer  obtains,  until  such 
time  as  a  long  course  of  experience  has  taught  him,  that, 
by  combining  certain  causes,  good  or  bad  effects  are  tlie 
consequence.  Even  at  last  he  still  rests  upon  an  unstable 
basis  ;  destitute  of  the  correct  operation  of  principle,  and 
incapable  of  preventing  an  evil  from  a  total  ignorance  of 
its  real  source  of  action,  he  can  only  in  the  end  avoid  it 
after  a  multiplicity  of  movements,  wherein  he  finds  his 
practical  knowledge  increased  at  die  expence  of  a  consi¬ 
derable  sacrifice  of  proix^rty. 

How  much  more  enlightened  would  be  the  mind  of  the 
manufacturer,  were*  he  to  attend  minutely  to  the  pheno¬ 
mena  developed  in  all  the  stages  of  his  process,  and  satis¬ 
fy  himself  as  to  die  radical  principles  of  action  in  each  in¬ 
dividual  stage!  In  doing  this,  chemical  minuteness,  the 
terror  and  butt  of  the  unphilosophised  mind,  is  not  abso¬ 
lutely  indispensible ;  and  yet  ever)^  thing  may  be  ascer¬ 
tained  necessary  to  be  known  for  the  production  of  certain 
determinate  qualities  of  crude  iron. 

He  would  then  easily  comprehend  that  all  iron-stones 
contain  less  or  mere  water  of  crj  stallisation,  and  that,  be¬ 
ing  combined  with  a  certain  proportion  of  lime  ncutriilised 
with  carbonic  acid,  it  is  necessaiy-  that  they  be  exposed  to 
a  heat  sufficient  to  expel  the  first  and  last  of  these  as  well 
as  sulphur.  The  reason  has  already  been  given,  and  the 
consequence  shall  be  once  more  stated.  The  evil  effects 
produced  by  introducing  raw  iron-stones  into  the  blast¬ 
furnace,  arc  less  ow  ing  to  the  small  portion  of  sulphur 
contained  in  most  of  them,  especially  in  balls,  (the  va¬ 
pours  of  which  arise  even  from  the  softest  crude 
iron  when  fluid,)  tlian  to  tlie  decomposition  of  water  and 


acids,  each  of  ^vhich  gives  up  a  proportion  of  oxygen  to 
the  metal  chiefly  l^efore  separation  is  effected. 

Does  it  not  then  unquestionably  follow,  that  if  the  quan* 
tity  of  charcoal  in  the  furnace  formerly  was  sufficient  to 
take  up  the  oxygen  existing  in  the  ore,  and  to  afford  car¬ 
bonated  crude^iron,  that  if  a  further  quantity  of  this 
principle  is  added,  by  whatever  means,  part  of  the  char¬ 
coal  which  formerlv  went  to  carbonate  the  iron  now  com- 
bines  witli  the  superadded  oxygen  to  form  caidionic  acid  ; 
of  course  the  metal  will  be  deprived  of  its  carbon,  become 
white  in  the  fracture,  and  may  then  justly  be  denominated 
oxygenated  crude-iron.  The  same  application  to  princi¬ 
ple  would  also  inform  the  merely  practical  man,  that 
when  iron-stone  is  completely  de*privcd  of  those  substan¬ 
ces  which  assume  the  gaseous  state  by  the  combination 
of  caloric  at  a  moderate  temperature,  it  is  then  sufficiently 
prepared  for  the  furnace.  This  is  always  indicated  by 
the  colour  which  the  stone  assumes  varying  from  a  brown 
to  a  dark  claret.  ^  Blues  always  succeed  this  sliade;  and 
tlic  smallest  appearance  of  blue,  how  ever  light,  is  a  cer¬ 
tain  sign  that  the  external  air  has  made  an  impression  up¬ 
on  the  particles  of  metal,  by  suix:roxygenating  them.  In¬ 
stead  therefore  of  expelling  a  further  quantity  of  hetero^e-^ 
jieous  matter,  a  principle  is  added  the  most  noxious  and 
destructive  to  tlie  existence  of  iron  in  a  metallic  form. 

The  phenomenon  of  iron-stone  Ix^coming  heavier  in  the 
fire,  would  no  longer  be  explained  by  assuming  vague  as- 
^"rtions  incompatible  with  and  inadmissible  to  com¬ 
mon  sense.  Upon  finding  two  pieces  of  iron-stone  in  the 
same  fire,  which  have  to  ap|:)earance  been  affected  in  a 
widely  different  manner  by  the  heat ;  the  one  hea\y,  of  a 
black  blueish  colour ;  the  other  light  imd  porous  :  the 
practical  maiv would  now  no  longer  say  that  the  metal  from 
the  porous  piece  had  esea^x^d  b}'  these  pores,  and  entered 
into  tlK  ponderous  one ;  and  that  the  accumulation  of 


weight  in  the  latter  was  entirely  owing  to  it  abstracting 
the  metal  from  the  former.  Widely  different  indeed 
would  be  the  conclusion.  He  now  would  have  learned 
that  metals  are  combustible  bodies ;  tliat  under  certain 
circumstances  iron  is  one  of  the  most  inflammable  in  the 
group ;  that,  during  its  combustion,  it  decomposes  the 
air  that  maintains  the  combustion,  and  fixes  one  of  its  ele¬ 
ments  in  spite  of  the  powerful  affinity  exerted  upon  it  by 
the  caloric ;  and  that  by  this  process  alone  it  increases  its 
volume  and  weight.  The  porous  mass  of  iron-stone 
would  now  be  described  as  having  had  its  iron  complete¬ 
ly  saturated  with  oxygen  at  a  yery  high  temperature ; 
that  an  imjx^rfect  state  of  fusion  had  been  the  consequence ; 
and  that  a  combination  of  these  circumsUinces,  acting  for 
a  considerable  length  of  time,  had  volatilised  and  carried 
off  a  very  considerable  portion  of  the  metal. 

On  the  same  principle  w^otild  be  explained  the  increase 
of  w^eight  in  the  more  ponderous  piece ;  it  would  then 
readily  be  conceived,  that  the  same  association  of  circum- 
stances  had  not  been  present ;  but  that  the  iron  had  gain- 
ed  in  wxight  by  the  addition  of  oxygen  at  a  temperature 
sliort  of  fusing  and  volatilising  the  oxyd. 

Having  in  the  former  part  of  this  paper  stated  tlie  ave¬ 
rage  loss  which  the  various  natures  of  iron-stones  sus¬ 
tain  w  hen  exposed  to  torrefaction  in  external  air,  I  shall 
now  simply  state  the  quantity  of  oxygen  which  the  various 
classes  are  apt  to  imbibe  when  exposed  to  a  high  tempe¬ 
rature,  after  those  volatile  mixtures  capable  of  assuming 
the  gaseous  state  by  the  combination  of  caloric  have  been 
expelled. 

The  facility  with  which  iron-stones  become  oxydated 
is  entirely  dependent  upon  the  nature  of  the  mixture  con¬ 
stituting  fusibility  or  other\vise ;  so  that  were  argillaceous^ 
calcareous,  and  siliceous  iron-stones,  previously  de-oxy- 
genated,  exposed  to  tlie  same  degree  of  heat — a  degree 
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capable  of  oxyclating  their  iron — the  result  m  ould  be, 
that  the  quantity  of  oxygen  combined  would  be  in  a  rela- 
tive  proportion  to  the  fusibility  of  the  mixtures,  for  a  de¬ 
terminate  space  of  time.  The  argillaceous  iron-stone 
would  be  found  in  a  given  time  to  have  gained  least ;  the 
calcareous  a  larger  portion ;  while  the  siliceous,  contain¬ 
ing  an  assemblage  of  mixture  fusible  at  a  degree  of  heat 
in  which  the  former  would  remain  unchanged,  will  l^e 
found  to  have  gained  the  greatest  weight ;  but  if  exposed 
to  an  high  temperature  for  a  sufficient  length  of  time,  the 
oxygen  absorbed  will  be  in  an  exact  proportion  to  the  iron 
contained  in  the  stone ;  only,  the  siliceous  iron-stones  nr-, 
rive  soonest  at  a  high  pitch  of  combination.  In  the  course 
of  many  cx|XTimcnts  I  have  found  the  following  propor¬ 
tions  to  l^  nearly  just,  when  the  quantity  of  iron  contain¬ 
ed  in  the  respective  stones  was  nearly  analogous. 

Argillaceous  iron-stone,  whicli  has  yielded  me  38  per 
cent,  in  the  assay-funiace,  first  distilled  and  afterwards 
carefully  dc-oxygenated,  increased  in  weight,  daring  an 
exposure  to  ignited  gas  for  8  hours  in  the  bottom  of  a 
deep  crucible,  22  jxr  cent. 

Calcareous  iron-stone,  which  afforded  a  similar  quantity 
of  metal,  and  which  was  subjected  to  the  same  train  of  pre¬ 
paration,  to  dispel  its  volatile  mixtures,  and  unlix  its  oxy¬ 
gen,  gained  in  weight  neiu  ly  23  per  cent. 

Siliceous  iron-stones,  containing  from  36  to  38  parts 
of  iron  in  100,  treated  in  the  same  manner,  afforded  me  in¬ 
stances  of  i\n  accumulation  of  weight  equal  to  24  to  25 
per  cent. 

In  order  more  particularly  to  illustrate  tlie  double  phe¬ 
nomenon  of  iron-stones  first  losing  and  then  gaining 
weight,  I  shall  insert  the  ti'catmcut  of  one  particular  stone 
of  each  class  ;•  from  which  a  positive  judgment  may  be 
formed  of  Ute  general  operation,  and  rtsults,  peculiar  to 


1.  There  were  introduced  into  an  iron  test  some  pie^ 
ees  oi argillaceous  iron-stones,  ^^cighing  -  1750  grs* 

After  being  exposed  to  a  bright  red  heat  for  8 
hours,  and  then  allowed  to  cool,  they  weighed  1160 

Lost  in  simple  distillation  -  -  -  590  grs. 

Equal  to  33’6  per  cent.  Specific  gravity  in  this 
state  2,52150. 

The  stone  had  now  assumed  a  claret  colour,  and  was 
possessed  of  regular  internal  fibres,  adhesive  to  the  tongue, 
obedient  to  the  magnet,  and  exhibiting  every  property  pe  • 
culiar  to  excellent  iron-stone. 

I  returned  the  residue,  which,  as  above,  weighed  1160  grs. 
and  exposed  it  in  an  open  crucible  for  4  hours 
to  an  increasing  heat  till  a  slight  degree  of  fusion 
was  perceived  to  take  place.  This  was  indicated 
by  the  angles  of  the  pieces  becoming  rounded, 
and  swelling  a  little  in  bulk — When  cool  they 
were  found  slightly  porous,  and  weighed  -  1 309 

Increased  in  weight  by  the  combination  of 
oxygen  -  -  -  -  -  149  grs^ 

Equal  to  12.8  per  cent.  Specific  gravity  in  this  state 
3*3636. 

The  fracture  of  the  pieces  now  wore  a  semi-vitrified 
appearance,  of  a  dark  blue  colour,  inadhesive  to  the 
tongue,  unmagnetic,  but  much  more  metallic  and  jx)n- 
dcrous. 

A  calcareous  iron-stone  ti*eatedafter  the  same  manner, 
of  ^^  hich  I  also  used  small  pieces,  weighing  .  1750  grs. 

which  had  yielded  a  similar  product  in  iron  in 
the  assay-funiace  w  ith  the  former,  w  hen  cool 
weighed  -  -  -  -  -  1090 

Lost  in  simple  distillation  equal  to  37*7  per 

c^ti  660 


The  fracture  of  this  iron-stone  was  now  of  a  bright 
brown  colour,  streaked  with  lime,  faintly  marked  with  in¬ 
ternal  fibre,  less  tenacious  to  the  tongue  than  the  for¬ 
mer  class,  but  equally  obedient  to  the  magnet. 

The  residue,  weighing  as  above  -  -  1090  grsc 

was  returned  to  the  furnaee,  and  exposed  in  tlie 
bottom  of  a  deep  crucible,  till  such  time  as  a 
slight  indication  of  fusion  was  observed ;  when 
cooled,  the  pieces  weighed  ...  1235 

Gained  in  weight  by  the  fixation  of  oxygen 
equal  to  13*3  per  cent.  ...  145  grs. 

In  its  present  state  this  iron-stone,  in  point  of  colour, 
resembled  die  former. 

Its  fracture,  however,  was  smoother,  and  more  vitrified, 
equally  destitute  of  tenacity  to  the  tongue,  and  obedience 
to  the  magnet. 

3.  An  iron-stone,  which  contained  a  proportion  of  silice¬ 
ous  sandy  was  exposed  under  similar  circumstances  to  the 
Same  degree  of  heat — quantity  used  1750  grs. 

When  properly  tonefied,  weighed  1248 

Lost  in  simple  distillation  equal  to  28*6  per 
cent.  -  -  -  .  502  grs. 

The  appearance  which  diis  stone  had  assumed  was  of  a 
reddish,  small,  granulated  fracture,  considerably  magne¬ 
tic,  but  scarcely  possessing  any  degree  of  adhesion  to  the 
tongue. 

The  residue,  weighing  as  above  -  1248  gfs; 

was  exposed  to  an  equal  degree  of  heat  with 
the  former  classes,  by  which  the  stone  suffered 
throughout  a  slight  degree  of  fusion — when 
cool,  the  connected  mass  weighed  -  1431 

Gained  in  w  eight  by  the  combination  of  oxy¬ 
gen  equal  to  14*6  -.  -  -  18S 


The  colour  of  the  stone  was  now  changed,  to  a  black, 
vltrescent,  slightly  porous  mass,  hard  and  relhictorv.  I 
have  not  given  the  specific  gravities  of  the  two  last  natures 
of  stones  :  iron-stones  containing  equal  portions  of  iron, 
in  similar  states  of  preparation,  vary  little  in  their  specific 
gravities. 

It  will  no  doubt  be  observed,  tliat  the  increase  of 
weight  in  these  statements  tally  not  v  ith  the  sums  former¬ 
ly  given :  the  amounts  there  adduced  are  results  Irom 
iron-stones  which  had  l3een  previously  depri^’ed  of  most 
of  their  oxygen ;  but  in  these*,  the  extra  cjuantity  of  oxy¬ 
gen  taken  up  by  tlie  stone  is  only  given,  forming  an  ag¬ 
gregate,  with  the  original  existing  (juantity,  as  shall  here¬ 
after  be  show  n,  nearly  corresponding  to  the  sums  first 
given.  From  these  experiments,  singled  out  to  convey 
a  just  ielea  of  the  changes  to  which  iron  stone  may  be  sub¬ 
jected,  it  becomes  obvious,  that  all  the  varieties  of  iron¬ 
stone  arc  capable  of  decomposing  atmospheric  air  at  a  cer¬ 
tain  temperature,  mid  of  fixing  a  portion  of  its  oxygen, 
V*  hereby  weight  is  gained,  by  each,  nearly  equal  to  one- 
eighth  of  its  original  quantity. 

It  must  also  from  this  appear  obvious,  that  the  burning 
of  iron-stone  is  an  ojKration — though  hitherto  conducted 
by  chance,  exposed  to  all  weathers — of  the  greatest  nice¬ 
ty,  and  consequence,  to  the  certain  and  economical  manu¬ 
facture  of  cast-iron ;  wherein  a  small  addition  of  fuel,  by 
exciting  a  high  temperature,  exposes  the  iron  to  the  com- 
bination  of  a  hurtful  principle,  in  quantity  (as  \\  ill  hereaf¬ 
ter  be  shown)  almost  equal  to  w  hat  the  metal  was  original¬ 
ly  precipitated  in.  The  extra  proportion  of  fuel,  therefore, 
requisite  under  circumstances  w  here  a  severe  mode  of  tor- 
refaction  is  either  universally  aelopted,  or  where  it  is  fre- 
quently  the  result  of  inattention  and  w^ant  of  skill,  though 
as  }'et  unascertained  upon  a  large  scale,  must  be  very  con*» 
siderable. 
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1  look  upon  It  therefore  to  be  a  great  desideratum  in  the 
preparation  of  Iron-stone,  to  contrive  a  mode  which  would 
unite  certainty  and  economy ;  a  mode  which  would  either 
de-oxygenate  the  ore  unexposed  to  external  air,  or  which 
would  dissipate  its  volatile  mixtures  exposed  to  air,  with 
a  degree  of  certainty  which,  w  ith  a  small  share  of  atten¬ 
tion,  would  preclude  the  possibility  of  the  metal  attract- 
iiig  more  oxygen. 

In  the  present  mode  of  preparing  iron-stones,  too  much 
is  left  to  chance  and  the  discretion  of  subordinate  work¬ 
men.  The  surface  of  tlie  piles,  being  ahvays  in  contact 
w  ith  the  open  air,  is  Irequently  exposed  to  perforations 
from  w  inds,  especially  in  those  parts  w  here  the  layer  of  ig¬ 
nited  coals  comes  in  contact  w  ith  the  current :  a  hollow 
space  is  soon  formed  ;  the  fuel,  by  means  of  the  fresh  air 
continually  pouring  in,  becomes  ignited  to  w  hiteness ;  tha 
surrounding  stone  is  immediately  fused  :  should  this  aper¬ 
ture  be  joined  by  a  similar  communication  from  opposite 
sides  of  the  fire,  a  degree  of  heat  will  be  excited  beyond 
what  could  have  been  conceived  possible  in  this  mode  of 
burning,  and  oxygen  lx?  combined  w  ith  a  mass  of  stone 
in  such  an  high  proportion  as  to  form  a  very  considerable 
part  of  the  w  hole  weight.  This  is  an  accident  which  w  ill 
take  place  even  w  here  order,  regularity  and  experience  are 
conspicuous  ;  w  ere  it  possible  to  avoid  it  by  torrefying 
the  iron-stone  in  tliat  just  temperature  which  has  been 
formerly  demonstrated  as  the  most  proper,  uniting  at  the 
same  time  an  equal  degiee  of  econom}',  it  would  contri¬ 
bute  greatly  to  reduce  to  certainty  and  rule  the  operations 
of  the  smelting-funiace. 

The  extreme  of  fusing  the  materials  and  combining  the 
iron  with  an  extra  portion  of  oxygen,  is  not  the  only  evil 
w  hich  an  accurate  mode  of  torrefaction  would  avoid :  tlie 
same  train  of  casualty  often  affords  a  considerable  portion 
of  the  stone  not  enough  pre  pared,  and  some  quite  uii’* 


touched  by  the  fire.  The  effects  produced  by  iron-stone 
in  h’s  state  are  exactly  similar  to  those  experienced  in  the 
former,  arising  from  the  same  cause,  but  existing  as  tiiC 
result  of  two  opposite  extremes. 

I  confess  it  is  much  easier  to  point  out  the  faults  of  an 
established  mode  of  practice^  than  to  substitute  one,  which, 
though  it  might  unite  some  superior  advantages,  yet 
might  not  combine  an  ecpial  number  upon  an  extended 
scale.  I  have  frequently  considered  the  subject,  and 
have  as  often  been  improssed  with  tlie  truth  of  its  impor¬ 
tance  in  the  manufacturing  of  iron.  At  some  future  period 
I  may  submit  to  the  manufacturers  of  iron  a  double  me¬ 
thod  of  preparing  iron-stones  for  the  blast-furnace ;  in 
which,  certainty  of  operation  w  ould  l)C  obtained,  and  in 
the  end  most  prdl>ably  a  degree  of  economy  insured  equal 
to  that  of  the  present  mode. 

I  would  effect  this  by  exposing  the  iron-stone  stratified 
\\  itit  a  small  proportion  of  coals,  in  simply  constructed 
ovens,  entirely  covered  on  the  top,  except  a  few  small 
funnels  to  cariy^  off  the  smoke  and  disengaged  vapours ; 
tlic  ignition  to  be  occasioned  by  a  current  of  flame  passing 
under  a  flue  in  the  bottom  of  the  furnace,  and  conveying 
combustion  to  the  sub-stratified  coals.  As  this  opera¬ 
tion  could  be  conducted  to  a  physical  certainty  by  means 
of  damping  the  furnace  instantaneously,  as  soon  as  the  va¬ 
pour,  &c.  had  ceased,  or  as  soon  as  complete  ignition  had 
pervaded  the  contents,  (tlie  duration  to  be  determined  by 
the  nature  of  the  iron-stone,)  the  results  in  tliis  case  could 
at  all  times  be  dejx^uded  upen,  and  the  present  irregular 
j)roducts  avoided.  A  second  method  of  depriving  iron¬ 
stones  of  tlieir  volatile  mixtures  w  ould  be  to  expose  them 
to  a  considerable  degree  of  heat,  in  contact  w  ith  the  dust  of 
pit-coal  coaks — as  being  the  most  economical — shut  up 
from  the  admission  of  external  air.  This  w  ould  not  only 
deprive  them  of  their  acid  water,  &c.  but  'would  also  un- 
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lix  most  of  the  oxygen  combiiicd  with  the  metal,  and  af-. 
ford  the  iron  nearly  in  a  disengaged  state.  Both  these 
methods,  however,  at  the  present  time,  want  the  sanction 
of  approving  practice,  on  an  extensive  scale,  to  renda 
them  useful,  or  wordiy  of  universal  attention.* 

De ’Oxygenation  of  Iron-stones,  This  process  has 
been  long  known  in  part,  and  its  principles  (so  far  as  un¬ 
derstood)  applied  by  the  metallun^ist  to  deprive  the  ore, 
subjected  to  the  assay -furnace,  of  its  oxygen,  in  order 
tliat  tJic  metal  miglit  become  revived.  Its  oi^ation  is 
however  much  more  extensiv^e  than  wliat  has  hitlverto 
been  conceived ;  and  its  results  afford  the  most  beautiful 
and  interesting  phenomena  known  in  the  ait  of  manufac¬ 
turing  iron. 

De-oxygenation  in  the  case  of  iron-stones  will  admit  of 
being  divided  into  three  distinct  stages,  all  of  which  tend 
to  the  same  final  result, 

1.  That  w  herein  iron-stone  is  found  to  have  lost  its  wa¬ 
ter  of  ciy’stallisation  and  continuity  of  fracture ;  to  have 
assumed  a  greyish  white  colour,  soft  and  pulverulent ; 
and  greatly  sp)ecificaUy  lighter  than  fonncrly,  having  lost 
from  2-5ths  to  9-20ths  of  its  original  weight. 

2.  Tiiat  stage  wherein  the  pieces  hav  c  assumed  tlic  state , 
of  malleability,  and  have  again  become  firm  and  connect¬ 
ed  ;  wherein  they  brighten  under  the  file ;  and,  when 
subjected  to  the  hammer,  under  various  degrees  of  heat, 
receive  impressions  at  pleasure,  and  draw’  into  shajx^. 

3.  That  stage  wherein,  by  prolonging. cementation,  the 
pieces  of  iron-stone  are  found  to  have  passed  into  the  state 
of  steel ;  possessing  all  its  properties,  though  difficult  to 
separate  from  the  earthy  parts,  and  preserve  its  quality ; 
but  w^hich  may  be  precipitated  from  tlie  steelified  ore  by 
fusion,  in  thc-stiUe  of  cast-steel,  by  means  of  tlie  assay- 
furnace. 

*  This  plan  had  been  adopted,  and  Jars  has  ^iven  a  plate  of  th^ 
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These  three  distinct  stages  of  de-oxygenation  are  pro¬ 
duced  by  a  continuation  of  the  same  cause  to  which  all 
iron-stones  may  at  pleasure  be  subjected.  With  primary 
ores,  richer  in  iron,  the  results  are  more  certain,  ponder, 
ous,  and  much  better  suited  to  operate  upon,  for  the  pro¬ 
duction  of  good  malleable  iron  and  steel :  these  are  al¬ 
most  universally  capable  of  being  de-ox ygenated,  for  the 
production  of  both  tliese  modifications  of  the  metal.  I 
have  met  with  no  exception,  indeed,  but  in  the  case  of  a 
few  granulated  Norwegian  ores,  a  blue  speckled  Danish 
ore,  a  few  Russian  bog  ores,  and  the  Scotch  ore  of  the 
island  of  Islay. 

In  the  present  paper  I  shall  confine  myself  to  a  minute 
detail  of  the  first  stage  of  de-oxygenation  ;  the  second 
and  third  stages,  as  they  more  immediately  belong  to  the 
manufacture  of  iron  and  steel,  shall  be  fullv  considered  in 
connection  with  this  curious  mode  of  manufacturing  these 
states  of  the  metal  from  ores  without  fusion,  which,  from 
its  novelty  and  simplicity,  deserves  a  thorough  iin  estiga- 
tion  of  operation  and  principle. 

De- oxygenation,  by  roasting,  simply  consists  in  expos¬ 
ing  iron-stone  or  ore,  stratified  with  coaly  matter,  such  as 
the  dust  of  pit-coal  coaks,  or  the  charcoal  of  w  ood  unex- 
posed  to  air,  at  a  high  temperature.  The  oxygen  con- 
tained  in  the  ore  is  taken  up  by  the  charcoal,  and^  passed 
off  in  the  state  of  carbonic  acid ;  while  the  water,  carbo¬ 
nic  acid,  &c.  is  evaporated  by  the  heat.  In  proportion 
as  the  ore  becomes  cleaR  cl  from  these  mixtures,  the  me¬ 
tal  becomes  more  and  more  revived,  approaching  how  ever 
to  the  state  of  malleable  iron,  though  still  interspersed  with 
the  original  quantity  of  earth v  parts  united  in  the  stone. 
By  increasing  tlK*  temperature,  and  continuing  its  dura¬ 
tion,  the  particles  of  iron  unite,  and  form  themselves  into 
fibres,  w  hich  even  ^vhen  cold,  may  be  twisted  and  bent  a 
little  ;  still  however  having  tlte  original  quantity  of  earthy 
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matter  almost  invisibly  interposed  betwixt  their  interstices. 
If’  the  heat  is  urged  still  further,  the  iron,  now  malleable, 
begins  to  take  up  a  portion  of  the  carbon  from  the  charcoal, 
and  the  metal  then  commences  its  change  toward  steel. 

During  any  part  of  the  process,  should  air  come  in 
contact  with  the  ore,  by  previously  destroying  the  sur¬ 
rounding  charcoal,  an  immediate  o\ydation  of  the  iron 
takes  effect,  proportioned  in  its  increase  of  weight  to  the 
stage  of  the  operation  at  which  it  is  effected.  The  ore  has 
then  passed  into  a  friable,  bulky,  and  unmetallic  state. 

In  de-oxygenating  iron-stones,  with  an  intention  of  dis¬ 
covering  and  of  establishing  an  analogy  as  to  the  quan¬ 
tity  of  oxygen  contained  in  the  respective  classes  of  stones, 
I  w’as  frequently  led  to  conclude,  that  argillaceous  and 
calcareous  iron-stones  contained  less  oxj  gcn  than  iron¬ 
stones  where  a  greater  proportion  of  silex  predominated. 
Though  by  far  the  greater  number  of  experiments  per¬ 
formed  on  this  subject  w  ere  in  favour  of  such  an  infer¬ 
ence,  yet  I  have  at  times  experienced  my  arrangement 
palpably  contradicted,  w^itliout  being  able  to  solve  the 
obtruding  difficulty.  I  shall  not  however  despair,  in  most 
cases,  to  reduce  to  certain  invariable  inherent  properties, 
and  external  characteristic  forms,  the  various  iron-stones 
in  the  manner  in  which  I  have  arranged  them,  and  conso¬ 
nant  to  the  results  obtained  from  them  in  the  process  of 
manufacture.  The  utility  of  such  an  arrangement,  found¬ 
ed  upon  experiment,  must  be  obvious  and  striking :  it 
will  give  certainty  and  value  to  the  various  products  of  the 
manufacturer,  as  it  wall  in  the  end  systematize  the  manu¬ 
facture  itself,  and  reduce  it  to  rules  guided  by  principle,  and 
not  by  the  alaerration  of  a  false  or  misinformed  judgment. 

From  many  experiments  I  have  made  with  all  the  va¬ 
rieties  of  iron-.8tones  found  in  this  country,  I  shall  sub¬ 
join  the  treatment  of  one  of  each  class,  highly  marked 
with  the  predominating  earths,  that  an  accurate  opinion 
may  be  formed  of  the  phenomena  exlubited  in  this  part 
of  the  process. 
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1.  I  used  a  fine  argillaceous  iron-stone,  in  small  pieces, 
\veip:hing  ...  .  .  1750  grs. 

After  a  proper  distillation  of  8  hours  in  a  de¬ 
gree  of  heat  equal  to  30*^  of  Wedgewood^,  I 
obtained  a  fine  purple-colourcd  fibrated  iron¬ 
stone,  which,  when  cold,  weighed  -  1160 

Loss  of  water,  acid,  and  sulphur,  equal  to 
33*6  per  cent.  ...  .  590  gi*s. 

The  influence  \\hich  die  magnet  possessed  over  this 
stone  was  considerable ;  the  adhesion  to  the  tongue  was 
however  great. 

I  next  introduced  into  a  projx;r  vessel,  in  contact  with 
charcoal-dust,  some  pieces  fractured  from  die  same  origi¬ 
nal  mass;  they  also  weighed  -  -  1750  grs: 

After  exposure  for  14  hours  to  a  degree  of 
heat  equal  to  120®  of  Wedgewood,  die  iron¬ 
stone,  being  carefully  separated  from  the  char¬ 
coal  and  dried,  weighed  -  -  1002 

Loss  of  watci*,  acid,  sulphur,  and  oxygen  748  grs. 

Lost  by  simple  distillation  -  -  590 


Oxygen  taken  up  by  the  clutrcoal,  equal  to 
9  parts  in  100  -  -  -  -  158  grs. 

This  must  not,  however,  be  taken  as  the  total  measure 
of  oxygen  combined  with  the  iron,  but  only  that  portion 
Uikeii  up  in  the  first  stage  of  the  operation  ;  which,  as  it 
possesses  the  follow  ing  properties,  fully  entitles  it  to  diis 
distinction  : 

1.  The  iron-stone,  from  being  firm  and  compact,  pos¬ 
sessing  specific  gravity  from  3  to  3*5,  now  becomes  com¬ 
paratively  light,  friable,  and  pulverulent ;  specific  graiuty, 
from  2*1  to  2*5.  It  now  moulders  w  ith  a  slight  pressure, 
and  is  easily  reduced  to  fine  powder  of  a  whitish  grey  co¬ 
lour,  w^hich  again  possesses  the  following  distinct  proper- 

Wedge  wood’s  pyrom^^ter. 


ties  t  It  adheres  to  the  magnet  in  the  greatest  abundance, 
but  not  in  confused  clusters  like  iron-stone  simply  torre¬ 
fied  or  roasted  :  a  manifest  indication  to  become  attach¬ 
ed  in  the  form  of  fibres  is  visible ;  and  tlie  quantity  taken 
up  is  equal  in  point  of  bulk  to  the  effect  produced  with 
iron  filings. 

2.  Iron-stone  in  this  state  pulverised,  w  hen  strewed  in 
the  flame  of  a  fire  or  candle,  gives  out  metallic  sparks, 
like  the  combustion  of  iron-filings  when  strewed  in  the 
same  manner.  When  the  flame  of  the  blow-pipe  is  di¬ 
rected  upon  it,  a  considerable  inflammation  takes  place,  and 
the  metallic  particles  again  become  oxydated. 

3.  In  this  state,  iron-stones  possess  the  property  of 
effervescing  violently  with  the  sulphuric  and  muriatic 
acids.  The  iron  and  lime  are  instantly  dissolved,  w  ithout 
the  production  of  heat.  This  is  only  peculiar  to  iron¬ 
stones  at  tills  period  of  de-oxygenation.  In  no  other  state 
either  raw  or  roasted,  does  iron-stone  possess  this  pro¬ 
perty,  unless  highly  united  to  lime  ;  but  remains  undissol¬ 
ved  till  it  has  attracted  a  portion  of  the  oxygen  from  the 
acid  w  ith  which  it  is  in  contact. 

From  these  confirming  circumstances  I  conclude,  that 
the  particles  of  metal  exist  in  a  highly  disengaged  state ; 
that  they  are  partially  malleable,  yet  so  much  combined 
with  oxygen  as  to  be  easily  precipitated,  in  fusion,  for  the 
production  of  cast-iron,  with  a  sparing  proportion  of  fuel, 
and  a  proper  application  of  solvents.  So  far,  therefore, 
as  this  experiment  leads  us,  the  practical  analysis  of  this 
ore  may  be  thus  stated : 

In  the  assay-furnace  100  parts  of  this  iron-stone  yielded 
a  button  of  super-carbonated  crude  iron  e- 
qualto  -  -  -  39*5  parts. 

Water,  carbonic  acid,  and  sulphur,  lost 
in  simple  distillation 

Oxygen  taken  up  by  the  charcoal  9*0 
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In  the  subsequent  part  of  the  opera* 
tion  I  found  that,  when  the  iron-stone 
had  assumed  malleability,  and  brighten¬ 
ed  under  the  file,  a  further  quantity  of 
oxygen  was  taken  up,  equal  to  -  -  4*2 — 13*2 

Clay,  lime  and  silex  united  in  the  stone  -  13*7 

100  parts. 

The  earths  I  found  to  be  proportioned  nearly  as  fol¬ 
lows:  Clay  7  parts,  calcareous  earth  4,  silex  2*7  =  13*7. 

II.  Of  a  calcareous  iron-stone,  reduced  in  the  same 
manner,  I  operated  upon  -  -  -  1750  grs^ 

After  being  exposed  to  a  similar  distillation, 

I  found  it  to  weigh  ....  1090 

Lost  in  water,  acid,  and  sulphur,  equal  to 
3  7’ 7  per  cent  -  .  -  -  660  grs. 

This  iron-stone,  when  torrefied,  exhibited  a  thin  schis- 
tus  of  calcareous  plates :  its  fracture  also  presented  calca¬ 
reous  lines  running  in  various  directions :  its  colour  was 
reddish  brown,  partially  librated,  magnetic,  and  tena¬ 
cious  to  the  tongue. 

I  took  of  the  same,  mixed  with  charcoal  dust,  1750  grs. 
and  exposed  the  vessel  to  a  temperature  equal¬ 
ly  high  with  the  former. 

The  residue,  when  carefully  separated  from 
the  charcoal,  washed  and  cbied,  weighed  922 

828  gi’s. 

Lost  in  simple  distillation,  as  formerly  shewn,  660 

Oxygen  taken  up  by  the  charcoal,  equal  to 
9*6  parts  in  100  ...  -  168  grs. 

In  this  state  the  stone  was  pulverulent,  much  frittead, 
and  of  a  darkish  grey  colour.  Its  fracture  exhibited  a 
number  of  white  spots  like  madrepore.  In  many  places 
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lime  was  distinctly  perceived :  when  pulverised,  it  spark¬ 
led  in  the  flame,  dissolved  rapidly  in  acids  with  a  vio¬ 
lent  effervescence,  was  less  magnetic  than  the  former, 
though  possessing  a  great  tendency  to  adhere  in  the  form 
of  fibres.  From  this  treatment  the  practical  analysis  of 
this  stone  will  stand  as  follows  : 

In  the  assay  fUmace  it  yielded,  of  super-carbonated 
crude  iron,  per  cent.  -  -  37*5  parts 

Water,  acid,  and  sulphur  lost,  as  for¬ 
merly  shewn,  -  -  -  37‘7 

Oxygen  taken  up  in  the  first  stage  of 
de-oxygenation  -  -  -  9*6 

Afterwards  taken  up  in  cementing  the 
iron-stone  to  render  it  malleable  -  4*9 — 14*5 
Clay,  lime  and  silcx  •  ♦  .  10*3 

100  parts 

By  dissolution  in  acids,  I  found  the  earthy  parts  to  be 
nearly  as  follows :  Lime  5*2 — Clay  3*1 — Silex  2=10*3. 

This  analysis  must  not,  however,  be  taken  as  a  stand¬ 
ard  whereby  the  quantity  of  iron  and  earth  is  to  be  judged 
9f  in  calcareous  iron-stones  in  general.  The  iron-stones 
of  this  class,  contain  much  less  iron  tlian  argillaceous  or 
even  siliceous  iron-stones  ;  28  to  32  per  cent,  are  products 
more  commonly  met  with  than  37  and  upwards ;  the  dif¬ 
ference  in  point  of  metd  being  made  up  in  lime  and  clay. 
In  stating  the  quantity  of  oxygen  disengaged,  I  conceived 
it  proper  to  adduce  iron-stones,  though  of  different  classes, 
yet  containing  nearly  the  same  weight  of  metal  as  the 
quantity  either  disengaged  or  absorbed  must  be  in  a  direct 
ratio  to  the  existing  quantity  of  iron. 

III.  I  operated  with  a  siliceous  iron-stone,  weighing 
also  ....  1750  gi’s* 

composed  of  small  pieces,  and  exposed  for 
tl^e  same  lengtli  of  time,  and  to  the  same 
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degfee  of  heat  as  tlic  former  classes :  the 
residue  weighed  .  .  .  - 

Lost  in  volatile  matter  by  simple  distilla¬ 
tion,  equal  to  28*6  per  cent.  -  -  501 

In  its  present  state  the  fracture  of  this  iron-  - 

stone  was  reddish  bro\Mi,  studded  u  ith  spi- 
culae  of  shining  silex,  slightly  adhesive  to 
the  tongue,  and  considerably  obedient  to  the 
magnet. 

I  next  introduced  into  a  crucible,  stratified 
with  charcoal -dust,  some  pieces  of  the  same 
mass,  weighing  -  -  -  -  2374  grs. 

and  exposed  tliem  to  a  degree  of  heat  of 
equal  intensity  with  the  former ;  after  the  pie¬ 
ces  were  washed,  and  carefully  dried,  they 
weighed  - . 1343 


Amount  of  water,  acid,  sulphur,  and  oxy¬ 
gen  dissipated  .  -  -  -  .  1031  grs. 

Equal  to  -  -  43*4  parts  ill  100 

Lost  m  simple  distillation  as 
above  -  .  .  28*6 


Oxygen  taken  up  -  14*8 

This  ii'on-stone  was  frittered,  very  magnetic,  but  dis¬ 
solved  less  rapidly  in  acids,  and  \\  itli  less  efferv  escence ; 
colotir  of  the  fracture  light  grey,  and  slightl}^  spongy.  The 
practical  analysis  of  tliis  siliceous  iron-stone  will  there-  . 
fore  stand  thus : 

Car!)onated  crude  iron  obtained  in  the 

assay  funiace . 36  parts. 

W^ater,  acid,  and  a  considerable  portion 
x)f  sulphur  -  -  -  -  28*6 

Oxyg  .n  taken  up  as  above  -  14*8 


Further, 


as  will  hereafter  be  shew  n 
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in  makinj:^  the  iron-stone  pass  into  a 
stiite  of  malleability  -  -  2*5 — 17*3 

Earths,  viz.  silex  9,  lime  6,  clay  3*1,  =  -  18*1 


100  parts. 

In  these  experiments  I  wished  to  obtain  results  which 
would  throw  light  upon  the  de-oxygenation  of  iron-stones, 
with  a  view  to  apply  tliem  lo  practice  upon  an  extended 
scale.  I  therefore  used  fresh  ore,  in  order  to  present  near¬ 
ly  the  same  surface  to  the  action  of  the  heat,  and  to  be 
able  to  judge  of  tlie  results  .apart  from  each  otlier.  In  tor- 
reHiction,  it  frequently  happens  that  the  stone  is  reduced 
too  small  to  emtble  us,  by  its  subsecjuent  treatment,  to 
form  a  probable  opinion  of  the  tenacity,  or  otherwise,  witli 
which  iron-stones  hold  their  o.xygen.  The  difference  be¬ 
twixt  returning  into  the  crucible  die  same  pieces  deprived 
of  their  \’olatile  mixtures,  and  operating  upon  Iresh  ore, 
cannot  be  great,  especially  when  they  arc  selected  from 
fragments  of  die  same  mass,  du*ected  by  an  intimate  ac¬ 
quaintance  and  thorough  knoivk  dge  of  the  qualities  indi¬ 
cated  by  their  external  forms. 

All  ii*on-stones  thus  exposed  to  de-oxygenation  be¬ 
come  more  or  less  saturated  with  carbon;  it  forms  a  uni¬ 
on  like  carbon  in  steel,  and  its  presence  is  only  ascertain¬ 
ed  w  hen  the  iron-stone  is  dissolved  in  an  acid,  by  rising  to 
the  top,  and  forming  a  fine  pellicle  possessing  lustre  and 
various  shades  of  colour.  I  ha^'C  also  at  times  detected 
crude  carlx)n  in  the  centre  of  pieces  cf  ore  one  and  a  hall* 
inch  diameter.  To  the  remainder  of  this  mixture,  after 
the  oxygen  is  taken  up,  ought  to  be  attributed  the  natu¬ 
ral  tendency,  which  most  malleable  non  made  in  this  pro¬ 
cess,  has  of  becoming  red-short. 

The  average  of  the  results  of  the  principal  classes  of 
iron-stones  may  serve  for  information  on  die  products  ob¬ 
tained,  by  treating  those  of  equal  quantities  of  mixture. 
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The  analysis  here  furnished  is  not  that  of  the  chemist,  oi’ 
laboratory ;  but,  though  the  calculations  are  less  rigorous, 
yet  they  are  sufficient  for  the  manufacturer,  and  better 
suited  for  practical  information ;  as  Uiey  never  once  lose 
sight  of  their  application  and  effects  in  the  large  way  of 
manufactiuv,  and  as  they  have  been  chiefly  effected  by  an 
agent,  which  alone,  in  the  large  way,  can  modify  the 
whole,  and  procure  results  consonant  to  tlic  use  and  ex¬ 
istence  of  the  metal. 

From  the  amount  of  die  experiments  here  recorded  I 
would  be  apt  to  draw  this  conclusion,  that,  in  general, 
iron-stones  are  variously  combined  with  oxygen  as  to 
quantity :  argillaceous  iron-stone,  least ;  calcareous,  more ; 
and  siliceous  iron-stones,  most  of  all.  Musliet. 

In  many  places  where  die  ore  is  too  small  to  be  conve¬ 
niently  roasted,  it  is  washed  to  separate  the  dirt ;  but  ge¬ 
nerally  as  I  think,  this  washing  is  at  the  expence  of  a  quan¬ 
tity  of  the  yellow  oxyd  of  iron  which  is  at  the  same  time 
washed  away. 

Of  Fuel.  Tliroughout  the  continent  of  Europe  and 
America,  the  fuel  is  charcoal  of  wood.  In  Ga'at  Britain 
there  were  in  the  year  1806, 133  iron  works  at  ivhich  173 
furnaces-  were  in  blast,  producing  annually  258,206  tons 
of  iron.  Of  these,  1 1  iron  ivorks  burnt  the  charcoal  of 
wood  ;  owing  as  I  apprehend  to  tlie  nature  of  the  iron  ore, 
such  as  the  Cumberland  and  Lancashire  ore,  being  what 
Mushet  calls  the  primary  iron  ores.  These  1 1  furnaces 
made  annually  7800  tons  of  iron  being  on  die  average 
709  tons  per  furnace.  The  other  122  works  containing 
162  furnaces  in  blast  which  were  worked  with  the  coak  or 
charcoal  of  pitcoal,  made  annually  250,406  tons  of  iron, 
or  1546  tons  per  furnace  ;  so  that  the  furnaces  worked  with 
stone-coal  produce  annually  in  that  country,  more  than 
twice  as  much  iron  as  those  worked  with  wood-coal. 
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Charcoal  of  woody  being  almost  the  only  fuel  used  for 
iron  works  or  by  blacksmiths  in  this  country,  the  pro¬ 
cess  of  charring  the  wood  is  well  known  :  but  the  follow¬ 
ing  observations  of  Mr.  Mushet,  are  worth  attention. 

Charred  wood  is  almost  universally  used  tliroughout 
the  Continent,  as  fuel  for  the  production  of  cast-iion. 
From  its  great  abundance  in  the  northern  countries,  the 
discovery  of  pit-coal  would  be  deemed  of  little  advantage 
for  many  years  to  come*.  The  extensive  woods  in  Sibe¬ 
ria  and  Sweden  afford  a  constant  .supply  of  fuel  to  the 
numerous  iron  works  in  those  countries.  The  necessary 
regulations  which  the  respective  governments  of  each 
country  have  thought  proper  to  enact,  will  in  all  probabi¬ 
lity  preserve,  during  their  existence,  the  necessiiry  supply 
of  fuel  for  the  manufacturers  ^.  If  the  woods  receive  ne¬ 
cessary  care  and  attention  after  the  first  cutting,  they  will 
replace  themselves  at  periods  from  15  to  18  years.  The 
charcoal  used  in  Siberia  is  all  made  from  the  pine  and  larch, 
the  country  affording  no  other  vitrieties  of  timber.  In 
Sweden,  the  manufacturers  are  supplied  with  a  considera¬ 
ble  proportion  of  harder  woods,  which  is  greatly  in  favour 
of  the  manufacture. 

It  has  already  l^een  noticed,  in  a  former  paper,  that  the 
fuel  used  in  Britain  at  an  early  period,  and  so  far  down  as 
the  beginning  of  the  present  century,  chiefly  consisted  of 
wood.  The  kinds  of  wood  used  for  this  purpose  were 

*  Pit-coal  has  been  discovered  in  Siberia  of  various  qualities  and 
in  great  abundance,  fit  for  the  same  purposes  to  which  it  is  applied 
in  this  country. 

t  In  Sweden  there  is  a  law  restricting  the  manufacturers  of  iron 
to  a  certain  annual  produce  ;  and  this  quantity  is  always  in  propor¬ 
tion  to  the  ground  attached  to  the  work.  In  this  manner  the  wood 
is  enabled  to  replace  itself  at  certain  intervals ;  and  each  work  is 
insured  of  an  annual,  though  moderate  supply.  The  more  exten¬ 
sive  and  unpeopled  tracts  of  Siberia,  render  §uch  exactitude  in  the 
execution  of  the  laws  less  necessary. 
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various ;  but  char  of  hard  wood,  such  as  oak,  birch,  ash, 
&c.  &c.  was  always  preferred  to  that  made  from  pine, 
holly,  Sidlow,  &.c.  &c.  At  the  small  remaining  number 
of  charcoal  furnaces  now  in  tliis  country,  tlie  oak  lias  still 
the  undoubted  preference.  Its  firmness  and  continuity 
enable  it  in  the  blast-furnace  to  support  and  convey  prin¬ 
ciple  to  the  iron  contained  in  a  larger  portion  of  ore,  than 
charcoal  made  from  softer  wood.  The  same  properties 
also  enable  it  for  a  time  to  sustain  a  heavier  pressure  of  air 
from  the  disci larging  jiipe :  this  faciliUites  the  reduction 
of  the  whole,  and  greatly  augments  die  weekly  produce 
in  iron.  The  mode  of  preparing  charcoal  of  wood  for 
the  bkist-furnace,  though  exWemely  simple,  is  yet  capa¬ 
ble  of  being  greatly  misunderstood,  so  as  to  occasion  a 
considerable  waste  of  wood  in  the  process.  The  Ibllow  . 
ing  is  die  detail  of  an  operation  which  I  have  seen  success¬ 
fully  tried,  and  which  was  produedve  of  cxc*ellent  char¬ 
coal.  It  is  the  same  I  Ix^liei  c  as  is  followed  at  the  tw  o 
charcoal  furnaces  in  Argylcshire. 

First  of  all,  a  plot  of  ground  is  raised  a  little  higher  diiiii 
the  sun’oimding  surface  :  this  is  made  slightly  convex. 
The  bunicr  commences  by  placing  in  the  centre  a  circle 
of  sticks,  trans\crsely  inciining,  and  crossing  each  other 
near  their  tojis.  Around  these  are  built  successive  cir¬ 
cles  of  wood  of  various  sizes,  from  1  to  10  inches  diame¬ 
ter;  but  cai'e  is  always  taken  to  place  those  of  simika*  di¬ 
ameters  in  the  same  circle.  \  round  of  beams,  of  the 
largest  nature,  is  immediately  followed  by  one  so  much 
smaller  as  to  fill  up  the  interstices  between  the  larger  di¬ 
ameters,  that  no  more  air  mav  be  admitted  than  is  neces- 
sary  to  excite  gTiidiial  combustion.  These  are  again 
follow  ed  by  pieces  of  an  increasing  diameter.  This  mode 
of  ranging  the  large  and  small  sizes  is  condnued  till  such 
time  as  the  pile  is  den^med  sufficiently  large.  Thctotid 
'w  idth  may  then  measure  from  20  to  30  feet.  The  last 
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layer  is  commonly  composed  of  small  brush-wood.  The 
whole  is  then  covered  with  turf,  the  grassy  side  towards 
the  wood ;  a  coating  of  earth  is  then  applied  all  round 
the  bottom  of  the  pile,  and  firmly  beat  to  prevent  the  un¬ 
necessary  admission  of  air.  A  small  funnel,  or  opening 
on  the  top,  is  prescrv  ed  by  the  transverse  position  of  the 
first  layer  of  wood  ;  this  is  generally  about  18  inches  deep, 
into  which  the  burning  fuel  is  introduced.  Combustion 
is  in  this  manner  first  conveyed  to  the  top  of  the  pile, 
and  is  continued  by  feeding  the  small  cniters  with  pieces 
of  wood  for  4  or  5  days.  When  the  interior  part  of  tlie 
fire  next  the  top  is  deemed  sufficiently  kindled  and  spread 
over  the  whole  diameter,  a  row  of  holes  is  opened  a  few 
inches  below,  each  about  two  inches  diameter.  The 
hole  at  the  top  is  then  entirely  shut  up,  and  the  fire,  no^v 
completely  spread,  slowly  descends  to  where  the  air  is  ad¬ 
mitted  by  means  of  the  small  apertures.  When  this  is 
observed  b}"  the  burner,  which  is  known  by  the  disappear¬ 
ance  of  smoke  and  \  apour,  they  are  immediately  shut  up, 
and  a  second  row  opened  6  or  8  inches  under  tlie  first. 
In  this  manner  tlic  fire  is  conducted  to  the  foundation  of 
the  pile,  and  the  ^\  hole  mass  exposed  to  proj^er  combus¬ 
tion.  The  intention  of  the  operation  is  to  bring  the 
whole  ]:)ile  to  a  state  of  complete  ignition,  but  in  such  a 
manner  that  no  gi'eater  a  portion  of  it  may  undergo  com¬ 
bustion  thiui  is  necessaiy’  to  j^roduce  that  effect.  Hence 
the  necessit}*  for  guarding  against  too  free  an  access  of 
air  during  the  process.  As  soon  as  the  ojxTation  is  end¬ 
ed,  which  may  last  for  10  or  14  days,  the  whole  is  more 
closely  covered  up,  and  kept  so  till  such  time  as  the  char 
is  deemed  sufficiently  cool  to  be  fit  for  ckawing :  it  is 
then  separated  from  the  eartli,  and  carrried  away  in  bags 
or  in  waggons.  Those  pieces  of  wood  not  sufficiently 
chaiTcd  are  by  the  workmen  called  branch,  and  are  com¬ 
monly  used  for  fuel  to  tlie  next  fire. 
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The  loss  of  weight  in  charring  wood  is  inconceivably 
great.  In  the  large  way  it  is  almost  impossible  to  ascer¬ 
tain  it  to  any  degree  of  exactness.  The  qualities  of  wood 
are  so  various,  and  the  tendency  which  some  have  beyond 
others  of  parting  with  their  juices,  even  when  exposed  to 
the  same  temperature,  render  it  at  best  but  a  matter  of  un¬ 
certainty.  I  shall  however  insert  a  few  w  hich  I  have  chiir- 
red  in  the  small  way,  and  the  results  obtained  from  them ; 
before  weighing  they  were  all  exposed  to  the  same  tempe¬ 
rature  for  a  considerable  time,  and  thoroughly  dried. 

It  is  however  werthy  of  remark,  that  the  produce  in 
charcoal  in  the  small  way,  does  not  give  an  invariable 
standard  whereby  to  judge  of  that  obtained  on  a  large 
scale,  where  ignition  is  caused  by  the  admission  of  exter¬ 
nal  air  into  contact  with  the  w  ood.  In  the  large  w^ay  the 
quantity  of  char  afforded  w^ill  depend  more  upon  the  hard¬ 
ness  and  compactness  of  the  texture  of  wood,  and  the  skill 
of  the  w  orkman,  than  on  the  quantity  of  carbon  it  contains. 
In  tlie  follow  ing  tables  I  have  simply  expressed  the  ex¬ 
istence  of  the  alkaline  principle,  in  the  various  ashes  ob¬ 
tained  from  the  combustion  of  1  pound  of  wood  avoirdu¬ 
pois  weight :  this  may  be  of  use  to  those  who  wish  to 
make  experiments  upon  the  formation  of  jx)t-ash.  It 
will  also  be  observed,  that  there  arc  some  w^oods  that  yield 
a  much  larger  proportion  of  carbon  than  oak  :  tliese, 
how  ever,  are  either  too  scarce  or  two  valuable  to  be  appli¬ 
ed  to  the  manufacturing  of  iron  in  tins  country. 
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Table  of  the  component  parts  of  one  English  pound  avoirs 
dupois^  or  seven  thousand  Troy  grains  of  the  follonving 
'  varieties  of  Wood.* 


Water, 

llyd.g^, 

Carb.acid 


Colour  and  Degree  of  Saturation  of  the 
Alkaline  Principle. 


CarbonlAshes 


29,6l(irey,  sliarply  alkaime. 

53,8 {whitish  blue,  do. 

.25,4  Brownish  red,  do. 

24.8  Brown,  not  in  the  least  alkaline. 

68.6  Grey,  sharply  alkaline. 

74.6  Pure  white,  weakly,  do. 

81.3  Do.  sharply,  do. 

31.4  Brown,  perceptibly  do. 

66.8  Greyish  white,  sharply  do. 

53,2  Grey,  partially  do. 

57.1  Pure  white^  light  as  down,  weakly 

53.7  Dark  g^y,  sharply  do. 

72,0  drown,  do 

82,6  While  and  grey,  partially  alkaline. 
^5,0  Grey,  sharply  do. 

79.2  Light  grey,  do. 

29,1  Grey,  do. 


0:ik  -  .  . 

Ash  •  •  • 

Birch  -  -  - 

Norway  Pine 
Maliogany  -  - 
Rvcamore  -  - 
Holly  ..  - 
Scotch  Pine  - 
Beech  -  • 
Kim  - 
Walnut  - 
American  Maple 
Do.  Black  Beech 
Laburnum  -  - 
Li^um  Vitae  - 
Sallow  -  -  - 
Chesnut 


5382.6 

5688.2 

5650.2 

5630.9 
5147,0 
5544,0 

5524.4 

5816.7 

5537.3 
5576,6 

5496.5 

5553.2 

5425.9 

5196.4 
5083,0 
5626,0 

5341.3 


1587.8 
1258,0 
1224,4 

1344.3 

1784.4 

1381.4 

1394.3 

1151.9 

1395.9 
1370,2 

1446.4 
1393,1 

1301.8 
1721,0 
1880,0 

1294.8 
1 1629,6 


Colour,  Nature,  Compactness  of  the 
Charcoal. 


Black,  close  uid  very  firm. 

Shining  black,  spongy,  moderately  firm. 
Velvet  black,  bulky  and  do. 

Shining  black,  bulky  and  very  soft. 

Tinged  w'ith  brown,  spongy,  and  firm. 

Fine  black,  bulky  and  moderately  firm. 
Dull  black,  loose  and  bulky. 

Tinged  with  brown,  bulky  but  pretty  firm*^ 
Dull  black,  spongy,  but  very  firm; 

Fine  black,  moderately  firm. 

Dull  black,  texture  close,  body  firm. 

Dull  black,  texture  close,  mu^rately  do, 
Fine  bback,  compact  &  remarkably  hm-d 
Velvet  black,  do. 

Greyish,  resembles  pit  coal,  coaks,  do. 
Velvet  black,  bulky,  loose  and  soft. 

Glossy  black,  compact  and  firm. 


O.ik  -  -  - 

Ash  -  •  •  . 

Birch  -  -  - 
Norway  Pine  - 
Alahogany  -  - 
Sycamore  -  - 
Holly  ... 
Scotch  Pine  - 
Beech  .  -  - 
F.lm  -  .  .  . 
W  alnut  -  . 

American  Maple 
Do.  Black  Beech 
Laburnum  •  . 
Lignum  Vita:  - 
Sallow  ... 
Chesnut*  - 


*  Dr.  Watson  1  Essays,  132,  says  that  1061b.*  of  dry  pealed  oak, 
yielded  19  ounces  of  ashes :  these  ashes  yielded  1  ounce  and  a 
quarter  of  saline  matter.  Hence  I  ton  of  potash  requires  about 
1 300  tons  of  dry,  or  about  1 800  tons  of  green  oak. 


Water, 
Hyd.  gas, 
Curb.acid 

Carbon 

.\8hes 

76,895 

22,682 

0,423 

81,260 

17,972 

0,768 

80,717 

17,491 

1,792 

80,441 

19,204 

0,355 

73,528 

25,492 

0,980 

79,200 

19,734 

1,066 

78,920 

19,918 

1,162 

83,095 

16,456 

0,449 

79,104 

19,941 

0,955 

79,655 

19,574 

0,761 

78,521 

20,663 

0,816 

79,331 

19,901 

0,768 

77,512 

21,455 

0,033 

74,234 

24,586 

1,180 

72,643 

26,857 

0,500 

80,371 

18,497 

1,132 

76,304 

23,280 

0,416 

The  advantages  that  charcoal  possesses,  beyond  those 
of  pit-coal,  for  the  manufacturing  of  crude  iron,  are  derive 
cd  from  the  purity  of  its  component  parts,  and  the  supe¬ 
rior  quiJitity  of  unalloyed  carbon  it  afibrds  to  the  iron* 
This  principle  is  presented  to  the  metal  free  from  the  com¬ 
bination  of  clay,  lime,  sand,  and  sulphur ;  with  w  hich 
pit-coal  frequently  abounds.  A  determinate  quantit)  of 
charcoal  by  measure,  will  smelt  and  convey  principle  to 
three  times  the  quantity  of  iron  that  can  be  done  by  the 
same  measure  of  pit-coal  coaks.  Its  greatest  and  most 
useful  property,  however,  seems  to  be  develojKd  in  the 
refiner)^  fire,  and  similar  bar-iron  operations ;  here  it 
manifests  in  the  most  evident  manner  its  superiority  over 
pit-coal,  by  sliortening  the  tedious  processes  of  the  forge% 
diminishing  the  waste,  and  affording  a  much  superior 
quality  of  iron  for  all  the  purposes  of  subsequent  manu¬ 
facture.  Thus  far  Mushet. 

Wood  in  charring  loses  somewhat  of  its  bulk :  by 
means  of  the  heat  applied,  the  acid  moisture  is  distilled 
aw  ay,  together  ith  some  part  of  the  resinous  and  carbo 
nic  principle  of  the  w  ood,  but  the  w  oody  fibres  consisting 
chiefly  of  carbon  or  pure  charcoal  remain,  and  the  viiscu- 
lar  part  now  emptied  of  the  fluid  contents,  form  the  jx)res 
of  the  charcoal.  Of  these  Dr.  Hook  counted  150  in  the 
eighteenth  part  of  an  inch  in  length  ;  hence  he  concludes 
tliat  in  an  inch  square  of  charcoal  there  are  5,724,000 
pores. 

As  there  arc  great  variations  in  the  weight  of  w^ood,  1st- 
as  to  the  kinds,  2elly.  as  to  the  time  w  hen  it  was  cut, 
3dly.  as  to  tlie  length  of  time  it  hiis  been  exposed  to  the 
atmosphere,  4thly.  as  to  the  part  of  the  tree  from  which  it 
is  cut,  no  certainty  can  be  obtained  as  to  the  proportion  of 
charcoal  by  weight  obtained  from  various  w'oods  :  I 
think  the  charcoal  according  as  it  is  w  ell  or  ill  burnt,  va¬ 
rices  from  a  third  to  a  fifth  of  the  weiglit  of  the  dry  wood 
from  whence  it  was  made. 


In  Pennsylvania  a  cord,  (8  feet  by  4  feet  and  by  4  feet,, 
or  128  cubic  feet  of  wood,  put  up  as  close  as  the  sticks 
reasonably  can  be  placed)  of  oak,  will  yield  about  40  bush¬ 
els  of  coal ;  a  cord  of  pine,  about  42.  bushels :  or  it  may 
be  said  that  100  bushels  of  wood  coaled  in  the  common 
way  for  the  use  of  a  furnace,  will  require  two  and  a  quar¬ 
ter  cord  of  wood ;  but  if  coaled  for  a  bloomery  or  refiherv, 
where  the  coal  must  be  all  of  the  best  quality,  100  bush¬ 
els  will  require  two  and  a  half  cord.  The  exj:)ence  of 
cutting  is  about  40  cents  a  cord,  coaling  about  36  or  37 
cents.  From  20  to  40  cords  of  wood  are  coaled  at  once 
upon  one  hciirth.  The  quantity  of  coal  used  to  produce 
a  ton  of  metal  will  of  course  vary  m  ith  the  nature 
of  the  iron  ore,  and  the  skill  of  the  founder  (jr  manager. 
Mushet  reckons  16  cwt.  of  charcoal  of  wood  to  a  ton  of 
metal ;  which  I  think  is  too  little.  In  Pennsylvania  I 
have  heard  it  computed  at  200  bushels,  of  about  141b.  to 
the  bushel,  of  dry  chitrcoal.  There  is  no  ascertaining  any 
fact  of  this  kind  by  weight ;  because,  good  well  burnt 
charcoal  will  imbibe  from  the  atmosphere  in  the  course 
of  3  or  4  days,  12  or  13  per  cent,  of  air  and  moisture :  but 
on  this  calculation,  the  English  (or  rather  the  Scotch)  ma¬ 
nagers  make,  a  ton  of  iron  v\  ith  a  fourth  less  coal  than  the 
American.  Good  charcoal  should  ring  with  a  metalline 
sound  :  it  will  frequently  strike  fire  with  steel.  Charcoal 
exposed  to  moisture,  and  kept  together  in  great  heaps, 
has  been  known  to  take  fire  spontaneously.  I  suspect 
charcoal  is  the  worse  for  the  moisture  it  imbibes;  for  in 
the  heat  of  a  furnace,  the  water  will  be  decomposed  both 
by  the  charcoal,  and  by  the  iron;  and  as  water  contains 
eighty-five  and  two  thirds  per  cent,  by  weight  of  oxygen, 
and  only  fourteen  and  one  third  of  hydrogen,  it  appears 
to  me,  that  coal  must  be  greatly  Avasted  by  moisture  ;  but 
the  subject  is  very  difficult  and  complicated. 

I  have  met  with  no  calculations  on  w  hich  any  reliance 


can  be  placed  of  the  time  when  an  acre  of  ground  from 
which  the  wood  has  been  cut,  will  replace  its  original 
quantity :  nor  of  the  average  cubic  feet  of  wood  on  an 
acre.  Mushet,  conjectures  these  at  2000  cubic  feet  and 
18  years;  but  the  kind  of  wood,  and  the  climate,  and 
the  soil,  will  make  so  much  difference,  that  there  is  no¬ 
thing  like  certainty.  Pine  in  this  country  I  imagine 
w  ould  replace  itself  in  16  years,  chesnut  in  12,  oak  in  20. 

Of  Pit-coal.  The  first  intimation  of  the  use  of  pit-coal 
for  smelting,  that  I  know  of,  is  in  Pryce’s  Mineralogy  of 
Comw’all ;  but  Becher  early  in  the  reign  of  Charles  the 
2nd  proposed  its  use  among  the  iron  furnaces.  The  fol¬ 
lowing  brief  history  of  its  introduction  is  from  Mushet,  7 
Phil.  Mag.  37. 

The  advantages  which  individuals  derived  from  the 
manufacture  of  iron  had  induced  many  to  engage  in  it. 
The  business  in  point  of  extent  seemed  only  limited  to  the 
supply  of  wood.  New  erections,  for  want  of  a  proper 
supply  of  materials,  became  impracticable :  those 
already  engaged  were  more  anxious  to  preserve  tlieir  sup¬ 
ply,  however  much  circumscribed,  than  to  listen  to  inno¬ 
vation,  w'hich,  by  substituting  pit-coal  for  the  charcoal  of 
wood,  would  give  to  the  new  establishing  manufactiu’er  a 
great  superiority  in  the  market.  It  was  also  highly  pro¬ 
bable  that  many  of  the  iron- works  then  established  were 
at  a  considerable  distance  from  pit-coal,  the  universal  in¬ 
troduction  of  which  would  have  proved  fatal  to  their  in¬ 
terests.  Under  such  unfavourable  circumstances,  the  dis¬ 
covery,  or  rather  the  practicability,  of  making  pig-iron 
with  pit-coal,  wc  find  announced  by  Simon  Sturte\^ant, 
Esq.  in  the  year  1612,  w  ho  upon  application,  was  favour¬ 
ed  with  a  patent  from  king  James  for  die  exclusive  manu¬ 
facture  of  iron*  with  pit-coal  in  all  its  branches  for  thirty- 
one  years.  In  return,  the  said  Simon  Sturtevant  bound 
himself  to  publish  his  discoveries,  which  afterw^ards  ap¬ 
peared  in  quarto  under  the  title  of  his  MefaUka. 


It  is  uncertain  from  what  reasons,  but  Mr.  Stuitevant 
tailed  in  the  execution  of  his  discoveries  upon  a  large 
scale,  and  was  obliged  next  year  to  render  up  his  letters  of 
monopoly. 

The  second  adventurer  in  this  line  we  find  to  have  been 
John  Ravenson,  Esq.  who,  like  Sturtevant,  was  success¬ 
ful  in  obtaining  a  patent  for  the  new  manufacture,  but, 
like  liim  also,  was  inadequate  to  the  completion  of  it  upon 
an  extensive  scale.  Ravenson  was  also  enjoined  to  pub¬ 
lish  his  discoveries  .under  tlic  title  of  liis  Metallica, 
primed  for  Thomas  .Thoq),  anno  1613.  Several  other 
adventurers  stepped  forth,  all  of  tvhom  had  the  mortifica¬ 
tion  of  resigning  their  patents  without  having  contributed 
to  the  success  of  the  arduous  undertaking. 

In  1619  Dudley  obtained  his  patent,  and  declared, 
that  although  he  made  only  at  the  rate  of  three  tons  of 
pig-iron  weekly,  he  made  it  w  ith  profit.  The  discovery 
was  perii:cted  at  his  fiither’s  works  at  Pensent  in  Wor- 
ccstershirc\  This  gentleman’s  success  in  tlie  various 
manufactures  of  iron  with  pit-coal  had  united  not  only 
all  the  proprietors  of  the  charcoal  iron  trade,  but  many  new 
adventurers,  who  w^ishedto  share  in  the  emoluments  of  the 
new  discovery.  Their  interest  w^as  so  pow^crful  as  to 
limit  Dudley’s  patent  from  31  to  14  years.  Daring  the 
most  of  this  i)eriod  he  continued  to  manufacture  pig  and 
bar-iron,  and  various  castings,  all  of  which  he  sold 
much  lower  than  the  charcoal  manufiicturers.  In  the  ar¬ 
ticle  of  castings  alone,  he  must  have  had  greatly  the  start 
of  the  charcoal  foundries,  as  the  quality  of  carbonated 
coak  pig-iron  is  far  superior  to  that  of  the  charcoal  iron  of 
this  country  for  the  general  puq'>oses  of  casting. 

The  superior  genius  of  Dudley  was  not  alw  ays  an  ob¬ 
ject  of  passive  indifference  in  the  narrow^  estimation  of  the 
long  established  manufactuicrs.  Tlie  envy  occasioned 
by  his  uncommon  success,  produced  at  last  a  spirit  of 
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combination,  which  terminated  in  a  hostile  attack  upon  his 
devoted  works.  His  improved  bellows,  furnace,  forge, 
&c.  all  fell  a  prey  to  a  lawless  banditti,  betwixt  whom  and 
its  furious  leaders,  no  shades  of  distinction  were  visible,  but 
those  of  avarice,  ignorance,  and  the  most  contemptible 
prejudice. 

To  evade  the  mode  of  operation  discovered  by  Dudley, 
or  to  introduce  the  making  of  pig-iron  with  pit-coal  to 
greater  advantage,  a  new  plan  was  adopted  by  Captain 
Buck,  Major  Wildman,  and  others,  in  the  forest  of  Dean, 
where  tliey  erected  large  air-furnaces,  into  which  they  in¬ 
troduced  large  clay  pots,  resembling  those  used  at  glass¬ 
houses,  filled  with  various  portions  of  the  necessary  mix¬ 
ture  of  ores  and  charcoal.  The  furnaces  were  heated  by 
the  flame  of  pit-coal,  and  it  was  expected  that,  by  tapping 
the  pots  l3elow,  the  separated  materials  would  flow  out. 
This  rude  process  was  found  entirely  impracticable ;  the 
heat  \vas  inadequate  to  perfect  separation,  the  pots  cracked, 
and  in  a  short  time  the  process  was  abandoned  altogc- 
ther. 

The  misfortunes  which  successively  befel  the  un¬ 
fortunate  Dudley,  arising  from  rivalship  in  the  iron  busi¬ 
ness,  and  his  attachment  to  the  royal  cause  during  the  civil 
wars,  prevented  his  improvements  from  being  closely  fol¬ 
lowed  up.  The  refusal  of  a  new  patent  after  the  restora¬ 
tion  prevented  him  from  again  entering  into  the  business 
with  his  usual  enterprise.  From  that  period  till  about 
the  year  1740,  notliing  of  importance  \vas  done  in  the 
manufacture  of  coak  pig-iron.  The  application  of  the 
steam  engine  for  raising  and  compressing  air,  no  longer 
confined  tlie  manufacturer  to  local  situations.  Larger 
furnaces,  with  a  proportionate  quantity  of  blast,  were  in- 
ti*oduced.  Among  the  first  effects,  from  8  to  10  tons 
of  pig-iron  w  ere  produced  weekly.  Ever  since,  the  w  eek- 
ly  quantity  Itas  in  general  been  increasing.  The  j^roducc 


being  considerably  dependent  npon  the  qu^tity  of  air 
used  for  reduction,  it  is  now  so  well  understood,  that  at 
some  works  the  biowing-machine  is  calculated  to  pro¬ 
duce  frequently  40  tons  of  melting  pig-iron  per  week  at 
each  furnace.  At  some  iron- works  in  Wales,  where  oxy¬ 
genated  crude  iron  is  manufactured  purposely  for  con¬ 
verting  into  bar- iron,  there  are  several  instances  of  a  fur¬ 
nace  producing  70,  71,  and  72  tons  of  metal  weekly. 
This  astonishing  quimtity  forms  a  most  striking  contrast 
with  the  early  exertions  of  Dudley,  who  conceived  three 
tons  a  profitable  produce,  and  whose  greatest  exertioas 
never  exceeded  7  tons  of  pig-iron  weekly. 

After  this  slight  sketch  of  tlie  progress  of  manufactur¬ 
ing  pig-iron  with  pit-coal,  it  may  be  gratifying  to  make  a 
few  observations  upon  the  process  conducted  with  the 
charcoal  of  wood.  The  superior  purity  of  the  carbona¬ 
ceous  matter  in  wood,  and  its  greater  degree  of  inflam¬ 
mability,  render  this  operation  more  simple  than  that 
performed  \\  ith  pit-coal.  The  former  properly  admitted 
of  a  small  furnace  being  used ;  and  also  required  a  much 
less  degree  of  blast  to  purify  the  ore,  and  give  out  sa¬ 
tisfactory  results  both  in  the  quantity  and  quality  of  the 
metal.  Feiv  charcoal  furnaces  exceeded  the  heii^ht  of  20 
feet,  and  many  of  thxm  were  from  12  to  15.  A  ver}'  small 
column  of  blast  \vas  neccssiiry  to  excite  ignition,  and  pro¬ 
duce  the  reduction  of  the  materials.  Lancashire  and  Cum¬ 
berland  ores  were  chiefly  in  use ;  their  superior  richness 
in  iron  rendering  them  soOn  metallised  when  in  contact 
with  ignited  charcoal  of  wood  :  12  to  24  hours  were  suf¬ 
ficient  for  this  purpose,  according  to  the  size  of  the  fur¬ 
nace  and  the  cpiality  of  the  pig-iron  wished.  Not  so  in 
the  manufacturing  of  coak  pig-iron  at  present :  the  infe¬ 
rior  quantity  of  iron  w  hich  is  contained  in  iron-stones,  the 
impurity  of  the  carbonaceous  matter  in  pit-co;il,  establish- 
•8  a  much  less  degree  of  affinity  betwixt  the  metal  and 
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the  principle  of  its  reduction.  The  6xygen  of  the  iron¬ 
stone  is  longer  in  being  removed :  this  requires  an  addi¬ 
tional  period  of  contact.  To  procure  this^  the  furnace 
must  be  heightened  to  S5  or  40  feet,  and  the  descent  of 
the  materials  protn^ted  to  three  days. 

It  will  be  proper  to  exhibit  the  comparative  effects  pro¬ 
duced  by  the  char  of  pit-coal  and  that  of  wood.  The  fol¬ 
lowing  particulars  will  serve  as  data  to  make  a  calculation 
of  the  relative  effects  of  the  two  different  fuels  with  a  char¬ 
coal  furnace  of  26  or  27  feet  high,  9  feet  wide  at  the  boshes, 
and  blown  by  tw  o  inch  and  three  quarter  pipes  placed 
along  side  of  each  other  at  the  tuyere  of  the  furnace.  To 
make  forge-pigs  with  tliis  furnace,  the  following  propor¬ 
tions  have  by  experience  been  found  requisite  for  each 
charge : 

2  sacks  of  charcoal  of  1121b.  each  -  2241b. 

7  measures  of  well  dried  Lancashire  on',  each  1 121b.  784 
Raw  iron-stone  ...  -  -  56 

Limestone  -  -  -  -  -  14 

In  24  hours  18  of  the  above  charges  would  have  been 
consumed,  and  nearly  3  tons  of  forge-pigs  produced. 

The  total  quantity  of  char  used  for  the 

quantity  would  be  -  -  -  2  x  18  =  36  cwt. 

The  total  quantity  of  iron  ore  -  -  7  X  18  s=  126 

- . .  of  iron-stone  -  ^  X  1 8  =  9 

- of  limestone  -  |  X  18  =  2J 

We  find  therefore  tltat  12  ct\t.  or  13441b.  of  the  char¬ 
coal  of  wood,  produces  of  forge  pig-hon  22401b.  or  1 
ton ;  and  that  126  ctvt.  of  Lancashire  ore  -f  9  cwt.  of 
iron-stone,  yielded  of  metal  60  cwt.  This  quantity,  by  an 
easy  mode  of  calculation,  w  ill  be  found  to  be  at  the  rate  of 
44*4  per  cwt. 

When  carbonated  crude  iron  was  produced,  the  charge 
was,  200  cwt.  of  wood  char,  5  cwt.  of  ore,  1-2  cwt,  of 
iron-stone,  14  lb.  of  limestone. 

The  weekly  qu^mtity  w^as  always  diminished  in  pro- 
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portion  to  the  reduction  of  the  quantity  of  ore  used.  In 
24  hours  the  quantity  of  the  pig-iron  produced,  averaged 
48  c^vt.  of  carbonated  crude  iron.  As  this  is  the  quality 
of  metal  which  serves  as  the  basis  of  the  calculation  in 
Number  XX.  of  the  Philosoplucal  Magazine,  it  will  be 
the  most  proper  standard  to  compare  the  widely  different 
eflects  produced  by  wood  and  pit-coal.  In  tliat  Number 
a  table  is  given  of  the  quantities  of  crude  iron  each  variety 
of  coaks  produce,  and  which,  for  the  sake  of  immediate 
comparison,  I  shall  here  again  insert 

1  ton,  or  22401b.  clod-coal  coaks  produces 

of  carbonated  iron  -  .  .  10401b. 

1  ton,  or  22401b.  splint-coal  coaks  -  840 

-  2240  mixed  coals  -  -  702 

1  ton,  or  22401b.  of  charcoal  of  wood,  ac¬ 
cording  to  the  proportions  furnished 
above,  will  produce  of  carbonated  iron  2986 
1  ton,  or  22401b.  of  the  same,  will  produce 
of  oxygenated  crude  iron  for  forge- 


pigs  .  3718; and 

1  ton  of  carbonated  pig-iron  will  require 

of  the  coaks  of  clod-coal  -  -  4824*61b. 

- splint-coal  -  5973’3 

- mixed  -  -  7147*5 

. - wood  charcoal  -  1680 

From  this  comparative  view  it  is  found  that  charcoal 


,of  wood  produces  triple  effects,  or  carbonates  three  times 
the  quantity  of  crude  iron  that  the  clod-coal  coaks  do; 
three  and  a  half  times  as  much  as  the  splint ;  and  four 
and  a  half  times  as  much  as  a  mixture  of  free  and  splint. 

The  next  consideration  is  the  price  of  the  t\yo  fuels. 

,  Oharcoal  of  iwood,  about  forty  years  ago,  sold  at  2^.  6^/. 
per  sack-of  1  cwt.  or  50$.  pet'  ton.  I  ton  of  good  spUnt- 
coal  coaks  will  be  prepared  on  many  of  the  present  iron- 
y.  ork  banks,  labour  included,  at  11^.  and  at  some  places 
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so  low  as  10^.  At  present  (1800)  the  price  of  charcoal 
IS  upwards  of  4/.  per  ton.  So  that  at  tliis  period,  although 
the  effects  of  wood  are  three  and  a  half  times  those  of 
splint- coal  coiiks,  }’et  the  price  of  one  ton  of  charcoal  wood 
will  purchase  eight  tons  of  couks ;  tlic  quantity  of  tlie 
former  limited  to,  and  produced  from,  land  which  might 
be  better  applied  to  the  purposes  of  agriculture  ;  tlie  latter 
found  in  immense  Gelds,  and  in  tracts  of  country  w  hich 
are  always  augmented  in  value  by  the  dcvelopement  of 
their  mineral  treasure. 

A  charcoal  blast-furnace  wliicli  smelts  the  whole  year 
round,  and  occasionally  makes  forge-pigs  and  carbonated 
iron  to  tlie  amount  of  1000  tons  luniuallv,  w  ill  consume 
14,000  sacks  of  cluiTcoal;  which  may  be  estimated  at  I 
cwi.  per  sack,  or  700  tons,  or  l,5G8,OOOib.  This  divi« 
ded  by  18.75lb*‘.  the  pounds  in  a  cubic  foot,  gives  for  the 
quantity  of  timber  in  cubical  feet,  83.626.  This  is  going 
upon  a  former  calculation,  and  is  supposing  the  w  ood  to 
shrink  but  little  during  the  process  of  chairing.  In  the  pre¬ 
sent  sta*(^  of  the  w  oods  w  hich  are  attached  to  iron-works^ 
one  acre  will  not  yield  more  than  1200  cubical  feet  of  tim¬ 
ber.  To  ensure  the  annual  supply,  =  69.69  acres  of 

land  would  require  QVQvy  year  to  Ixi  cleared,  or  nearly  1400 
acres  would  lie  requisite  to  form,  w  ith  proper  can?,  an 
unfailing  source  of  supply ;  and  at  the  rate  of  41.  per  ton, 
the  fuel  would  cost  2,8001. 

Let  this  be  compared  with  a  blast-furnace  manufactur¬ 
ing  the  siimc  quantity  and  (juality  of  coak  pig-iron.  The 
average  quantit}’  for  each  ton  will  be  nearly  six  tons  of 
splint,  or,  as  they  lose  50  per  cent,  in  charring,  3  tons  of 
coaks  X  1000  tons  of  pigs  =  3000  tons  of  coaks,  w  hich 
at  the  highest  price  stated,  11s.  per  ton,  amounts  to  1,6501. 
or  less  than  ti  e  charcoal,  1,150/.  6000  tons  of  splint- 

•  According  to  Watson,  water  being  1,  dry  oak  is  ,892.  T.  C. 


coals  Will  be  easily  procured  from  one  acre  of  measure¬ 
ment  where  the  stratum  measures  four  and  a  half  to  five 
feet  thick.  A  n  observation  strikes  us  forcibly  here,  that, 
great  as  the  consumption  of  wood  is,  a  suflicient  extent 
of  countr}'  can  from  time  to  time  rc  place  any  given  quan¬ 
tity.  No  facts,  however,  which  liavc  liitheno  come  un- 
dcr  our  observation,  warrant  us  to  suppose  tlie  re-forma¬ 
tion  of  pit-coal. 

In  preparing  pit- coal  for  tlie  blast  furnace,  v/ell  under, 
stood  among  m  inufacturers  by  the  term  coakinc^^  flat  sur¬ 
faces  are  appropriated.  These  are  firmly  beat  and  pud- 
died  over  with  clay,  so  as  to  pass  tlie  necessary  cartage 
witliout  furrowing  or  loosening  the  tvrth.  Tficse  spaces 
form  squares,  more  or  less  obloiig,  and  are  calk'd  hearths ; 
upon  which  the  pieces  of  coal  aic  regularly  placed  inclin¬ 
ing  to  each  other.  Great  ciire  Is  taken  to  place  each  piece 
upon  the  ground  layer  on  its  aciitest  angle,  in  order  that 
the  least  surface  possible  may  come  in  contact  with  the 
ground.  By  this  means,  large  inte'-*stiees  are  preserved 
for  die  admission  and  regular  communication  of  the  air 
necessary  to' excite  andelRrct  complete  ij^iition. 

The  quantity  ofcoaks  cli'irred  in  one  heap  oi'  hearth,  is 
various  at  different,  and  even  at  die  same  w  orks.  Forty 
tons  of  coals  is  amongst  die  smallest  fires,  and  some 
hearths  again  will  admit  of  80  or  100  tons.  The  length 
of  the  fire  is  in  proportion  to  the  quantity  of  coals  built : 
the  breadths  and  hciglits  arc  also  subject  to  no  determinate 
stand  ird  ;  but  arc  from  30  to  50  inches  high,  and  from  9 
to  16  feet  broad.  In  building  each  fire,  diey  reserve  a  num¬ 
ber  of  vents  reaching  from  top  to  bottom,  into  whicji  the 
bumiiig  fuel  is  introduced.  This  is  immediateb"  cohered 
by  small  pieces  of  coal  beat  hard  into  tlie  ajicrture :  these 
repress  th^  kindling  fire  from  ascending,  and  oblige  it  to 
seek  a  passage  by  creeping  along  the  bottom,  which  b 


most  exposed  to  air.  In  this  progress  the  fire  of  each  vent 
meets,  and,  when  united,  rise  gradually,  and  burst  forth 

on  all  sides  at  once. 

.  •  *  / 

If  the  coal  contains  pyrites*,  the  combustion  is  allowed 
to  continue  a  considerable  time  after  the  disappearance  of 
smoke  ;  the  sulphur  tlien  becomes  disengaged,  and  part 
of  it  is  found  in  flowers  upon  the  surface  of  the  heap.  If 
tlie  coal  is  free  from  this  hurtful  mixture,  the  fire  is  cover¬ 
ed  up  in  a  short  time  after  the  smoke  disappears  ;  begin¬ 
ning  at  the  foundation,  and  proceeding  gradually  to  the  top. 

The  length  of  time  necessary  to  produce  good  coaks 
depends  upon  the  nature  of  the  coal  to  be  coaked,  and 
the  state  of  the  weatlier.  In  50,  60  to  70  hours  the  fire 
is  generally  completely  cot^ered  over  with  the  ashes  of 
char  formerly  made :  the  coaks,  thus  entirely  secluded 
from  air,  soon  cool,  and  in  12  or  14  days  may  be  drawn 
and  wheeled  to  the  furnace. 

It  is  Avith  pit-coal,  in  a  great  measure,  as  with  wood,  in 
the  process  of  charring.  Coals  do  not  always  afford  a 
weight  of  coaks  in  proportion  to  the  quantity  of  carbon  in 
the  coal.  It  depends  more  upon  the  capability  of  the  coiU 
to  resist  the  Avaste  occasioned  by  combustion,  supported 
by  external  air,  than  upon  the  real  quantity  of  carbon  in¬ 
herent  in  the  coal ;  as  may  be  seen  by  comparing  tlie  loss 
of  Aveight  which  coals  undergo  in  the  large  way,  and  tlkvi' 
results  obtained  from  the  same  coals,  by  burning  them  un- 
ex  posed  to  external  air  in  the  small  Avay. 

The  loss  sustained  in  coaking  coals  fit  for  tlie  purpose 
of  manufacturing,  or  smelting  iron,  is  found  to  be  neai  ly 
as  folloAvs : 

2240  pounds  of  free  coals  -  yield  TOOlbs.  coaks,  loss  IS  iOlbs, 
2240  -  -  of  splint  and  free  coal  mlxt  840lbs.  coaks,  loss  I400lbs. 

2240  -  of  splint  slightly  mixt  yield  lOOOlbs.  coaks,  loss  1 240lbs. 

2240  -  -  cfpurc  splint  -  -  1100  -  -  loss  1120lb^ 

*  Iron  combined  witli  sulphur.  T.  C. 
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This  great  weight  thus  lost  is  chiefl)'*  carried  off  in 
smoke.  If  a  vessel  is  placed,  filled  with  cold  water,  in 
the  midst  of  one  of  these  massy  columns  of  vapour,  before 
the  fire  has  penetrated  to  the  surface  of  the  heap,  a  consi¬ 
derable  quantity  of  tar  will  condense  upon  its  external  sur¬ 
face  :  this  will  continue  to  increase  till  such  time  as  the 
w^ater  assumes  the  temperature  of  the  smoke.  At  many 
iron  works  from  300  to  1000  tons  of  coals  arc  thus  weekly 
reduced  to  cinder.  What  a  prodigious  quantity  of  bitu¬ 
minous  vapour,  surcharged  with  tar,  ammoniac  and  oil, 
must  for  the  present  be  lost  !  If  {?\Ius!ict.) 

Pitcoal  contains  always  an  cmpyrcumatic  oil,  moisture, 
emburetted  hydrogen  or  coal  gas,  and  ashes ;  and  fre¬ 
quently  sulphur.  The  quantity  of  oil,  moisture,  and  gas 
can  be  ascertained  by  distillation  ;  the  quantity  of  incom¬ 
bustible  matter  or  ashes,  by  burning  the  coal  in  contact 
with  air ;  the  quantity  of  saline  matter  in  the  ashes  by 
lixiviatioiij  filtration  and  evaporation.  The  quantity  of 
combustible  matter  in  coal,  can  be  found  out  bv  reducing 
100  grains  into  powder,  also  100  grains  of  pure  salt  petre 
into  powder :  throw  by  small  quantities  (a  grain  or  two) 
at  a  time,  first  the  coal,  and  immediately  after  the  salt  pe¬ 
tre  into  a  red  hot  crucible.  The  salt  petre  will  deflagrate 
while  there  is  any  inflammable  matter  to  decompose  it : 
w  hen  the  deflagration  ceases,  the  quantity  of  inflammable 
matter  may  be  determined  by  the  (juantity  of  SLilt  petre 
employed.  Lampblack  may  be  use  d  as  a  stiindard,  for  it 
contains  of  ashes  not  more  than  one  part  in  about  250. 
The  ashes  in  coaks  vary  from  3  to  45  per  cent*  Hence 
it  is  manifest  that  the  coal  meant  to  be  employed  ought  to 
Ixi  analysed  before  they  are  used;  to* ascertain  1st.  tvlial 
quantity  of  coak  can  be  obtained  from  a  ceitain  Aveight  of 
coal :  21y.  w’hat  quantity  of  ashes  or  incombustible  mat- 

t  This  is  the  basis  of  Lord  Dundonald's  patent  for  collecting 
coal  tar.  Hcchcr  as  early  as  the  reipjn  of  Cii.  1st.  had  suggested 
the  propriety  of  saving  these  products.  T.  C, 
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ter  the  coaks  contain :  3ly.  what  quantity  of  carbon  they 
contain.  Areillaceoiis  and  siliceous  iron-stone  require 
more  fuel  than  the  calcareous  kind.  Some  calculations 
cf  Mushet  tend  to  shew  that  upon  the  average  ol'  iron¬ 
stones  when  roasted,  1  cwt.  of  the  stone  will  require  1  cwt. 
of  well  burnt  coaks,  and  that  every  ton  of  iron  produced, 
consumes  upwards  of  21-2  ton  of  g(xxl  coaks,  and  672,000 
cubic  feet  of  atmospheric  air,  at  300  cubic  feet  \ycv  lb.  of 
Iron.  5  Ph.  Mag.  366,  Doubtless  the  wetter  the  ore  is, 
and  the  dumper  the  cinder  is,  the  more  coal  is  u  asted. 
1  lb.  of  w  ell  burnt  coaks  when  laid  in  water,  u  ill  take  up 
nearly  two  ounces  of  water  in  an  hour’s  time  :  this  will 
require  additional  fuel  to  evaporate  it ;  but  that  is  not  all ; 
for  as  water  contains  so  very  large  a  proportion  of  its  bulk 
of  oxygen  (upwards  of  85  per  cent.)  it  is  manifest  that  this 
oxygen  or  the  greater  part  of  it,  will  combine  with,  aiid 
waste  its  due  proportion  of  carbon  or  charcoal,  and  form 
carbonic  acid  gas,  which  requires  in  its  formation  28  3-4 
per  cent,  of  carton.  I  say  the  greater  part  of  the  oxygen 
of  the  water ;  because  one  part  of  it,  v/ill  lx*  employed  in 
forming  carburetted  hydrogen  m  ith  the  hydrogen  of  the 
w  ater,  and  bum  aw  ay.  Still  the  waste,  as  it  seems  to  me, 
must  be  very  gi*eat. 

It  is  manifest  also,  that  the  heat  given  out  is  not  (other 
things  being  equal)  exactly  in  proportion  to  the  quantity 
of  carbon  in  the  fuel.  Thus,  1  have  generally  understood 
that  the  charcoal  of  oak  gives  more  heat  tlian  the  charcoal 
of  pine,  but  by  Mr.  Kirwan’s  experiments  the  pro])ortion 
of  inflammable  matter  in  pine  charcoal,  is  beyond 


that  of  oak.  Grains  of  charcoal  necessary  to  alkalize 
grains  of  nitre. 

C/iurcoal, 

S/iecific  (gravity. 

A'tnnbcr  o  f  grain*. 

Of  oak 

,332 

32* 

Of  birch 

-  ,542 

22 

Of  pine 

,280 

•  24i^ 

Of  fir 

-  ,441  • 

27 

Of  pitcoal  - 

e  ,744 

19 
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Coalc  Ovens.  As  the  success  of  several  manufactures 
depends  on  the  procuring  good  coak,  I  feel  pleasure  in 
having  it  in  my  power  to  furnish  a  description  of  the  kind 
of  oven  made  use  of  in  the  north  of  England  for  coaking 
the  refuse  small-coal,  which,  before  the  adoption  of  this 
method,  was  entirely  useless. 

At  the  duke  of  Norfolk’s  colliery  near  Sheffield,  seve¬ 
ral  of  these  ovens  are  built  on  the  side  of  a  hill,  occupying 
spaces  formed  within  the  bank.  Each  oven  is  a  circular 
building,  10  feet  in  diameter  within,  and  the  floor  laid 
with  common  brick  set  edgeways.  •  The  wall  of  the  oven 
rises  19  inches  perix:ndicular  above  the  floor,  and  the 
whole  is  then  covered  with  a  brick  arch  which  rises  3  feet 
5  inches  more,  forming  nearly  a  cone,  whose  base  is  10 
feet,  and  v\  hose  apex  is  2  fevt,  if  measured  within.  This 
opening  of  2  feet  at  the  top,  is  left  for  the  convenience  of 
supplying  the  oven  with  coal,  and  to  serve  as  a  chimney 
during  the  process.  The  whole  height  of  the  building 
from  the  floor  is  five  feet,  and  the  wall,  which  is  18  inches 
in  thickness,  is  built  with  good  brick,  and  closely  laid, 
that  no  air  may  get  in  through  any  part  of  the  work. 

The  floor  is  elevated  tliree  feet  above  the  ground,  for 
the  convenience  of  placing  a  carriage  under  the  door- way 
to  rccei^'e  the  coak  as  it  is  r.*ked  from  the  oven.  When 
the  oven  is  thus  finished,  a  strong  perpendicular  wall  of 
common  unhewn  stone  is  tlirown  round  it,  of  about  20 
inches  in  thickness,  and  canned  up  the  whole  height  of  the 
oven,  forming  a  complete  square.  The  four  comers  be¬ 
tween  the  eircular  building,  and  tliese  outward  walls,  are 
then  filled  with  soil  or  rubbish,  and  well  ramnted  to  give  ' 
greater  firmness  to  the  work,  and  the  more  effectually  to 
c:  elude  atmospheric  air. 

When  these  ovens  are  once  heated,  tlie^  work  goes  on- 
night  and  day  without  intcnaij^tion,  iuid  without  any  fur¬ 
ther  expense  of  fuel.  It  is  conducted  tlius: — Small  re- 
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fuse  coal  is  tlirowii  in  at  tlie  circular  opening  on  the  top, 
sufficient  to  fill  the  oven  up  to  the  springing  of  the  arch ; 
it  is  then  levelled  withaniron  rake,  and  the  door- way  built 
up  with  loose  bricks.  The  heat  \vhich  the  oven  acquires 
in  the  former  operation  is  always  sufficient  of  itself  to  light 
up  the  new  chcirge ;  the  combustion  of  which  is  accelerat¬ 
ed  by  the  atmospheric  air  that  rushes  in  through  the  joints 
of  the  loose  bricks  in  the  doorway.  In  two  or  three  hours 
the  combustion  gets  to  such  a  height,  that  they  find  it  ne¬ 
cessary  to  check  the  iiffiux  of  atmospheric  air : '  tlie  door- 
way  IS  therefore  now  plastered  up  \vith  a  mixture  of  wet 
soil  and  sand,  except  the  top  row  of  bricks,  which  is  left 
unplastered  all  night.  Next  morning  (when  the  charge 
has  been  in  24  hours)  this  is  completely  elosed  also ;  but 
the  chimney  remains  open  till  the  flame  is  gone,  which  is 
generally  quite  off  in  12  hours  more ;  a  few  loose  stones 
are  then  laid  on  the  top  of  the  chimney,  and  closely  cover¬ 
ed  up  with  a  thick  bed  of  sand  or  earth.  All  connexion 
with  the  atmosphere  is  now  cut  off,  and  in  this  situation 
die  whole  remains  for  12  hours,  to  complete  the  ojxration. 
The  doorway  is  then  opened,  arid  the  coaks  are  raked  out 
into  wheelbarrows,  to  be  carted  way.  The  whole  takes 
up  48  hoiirs ;  and  as  soon  as  the  coaks  are  removed,  the 
ovens  are  again  filled  with  coal  for  another  burning.  About 
2  tons  of  coals  are  put  in  for  each  cluirgc.  These  coaks 
arc  ponderous,  extremely  hard,  of  a  light  grey  colour,  and 
shine  witli  metallic  lustre.  Thev  lire  used  in  those  manu- 
factures  that  require  an  intense  heat. 

When  coak  is  required  to  be  more  of  the  nature  of  char¬ 
coal,  the  process  is  conducted  in  a  different  manner.  The 
small  coal  is  thrown  into  a  large  receptacle  similar  to  a 
bakcT’s  oven,  previously  brought  to  a  red  heat.  Her« 
the  door  is  constantly  open,  and  the  heat  of  the  oven  is 
^flh:ignt  to  dissipate  all  the  bitumen  of  the  coals^  the  dis- 


fengagemcnt  of  which  is  promoted  by  frequently  stirring 
witlia  long  iron  rake.  The  coak  from  these  ovens, 
though  made  with  the  same  kind  of  coal,  is  very  different 
from  that  produced  by  the  former  operation ;  this  being 
intensely  black,  veiy  porous,  and  as  light  as  pumice-stone; 
I  am  indebted  to  Mr.  Curr,  steward  to  his  Grace  the 
Duke  of  Noriblk,  fur  these  particulars,  who  very  politely 
attended  me  through  the  works  in  the  year  1802,  and  as¬ 
sisted  me  in  taking  the  necessary  measurements,  &c. 
Parke’s  Chem.  Cat.  4l:h  ed.  p.  443. 

Dr.  Watson  (2  Essays,  318,  et  seq.)  mentions  the  fol¬ 
lowing  results  of  a  distillation  of  90  ounces  of  Newcastle 
coal  (bituminous)  dry  oak,  box,  mahogany  and  sallow 
Wood. 
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Loss  in  air. 

In  all  cases  the  nature:  of  the  liquid,  of  the  charcoal,  and 

the  loss,  is  nearly  alike.  The  liquid  consistsj  1st.  of  an 
oily  matter  swimming  at  the  top  :  2dly.  of  an  acid  watery 
fluid.  In  France,  this  liquor  has  been  converted  into  vine¬ 
gar,  when  procured  from  wood.  Dr.  Bollman,  of  Phila¬ 
delphia,  has  succeeded  in  repeating  the  experiment;  3dly. 
a  more  heavy  tenacious  oil.  The  liquor  procured 
from  the  distillation  of  pit-coal,  has  a  stronger  odour,  is 
more  empyreumatic  than  that  from  wood.  The  air  in 
both  cases,  is  cjirburetted  hydrogen,  or  the  modem  coal 
gas.  Four  ounces  of  Liverpool  coal  yielded  me  19 
quarts  of  this  gas ;  4  oz.  of  line  saw  dust,  yielded  some- 
what  above  12  quarts.  These  facts^  with  the  additional 
ones  of  the  manifest  transition  from  perfect  wood  to  per¬ 
fect  coal  in*the  same  piece,  as  I  remember  to  have  seen  at 
Whitehaven,  leave  no  doubt  in  my  mind,  of  coal  having 
been  originally  w  ood.  The  turp^tine  (or  spirits  of  tiir- 
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peiitine)  from  coal  tar,  though  offensive  when  smelt,  has 
on  that  account  a  very  beneficial  effect  against  worms, 
when  used  for  paying  of  the  bottoms  of  ships. 

Pit-coal,  usually  produces  more  than  the  same  bulk  of 
coak  or  cinder,  when  not  over  burnt ;  but  tlie  w  eight  is 
greatly  diminished  :  Dr.  Watson  had  a  ton  of  coal  coaked 
in  the  usual  waj%  and  it  w^eighcd  when  cold,  1 1  cwt.* 

The  coak  of  pit-coal  (that  is,  the  charcoal  of  stone-coal) 
cannot  as  I  think  be  well  made  unless  out  of  bituminous 
coal,  that  bums  with  a  flame  and  smoke  and  runs  to  a 
light  grey-black  cinder  of  a  sih  ery  lustre.  This  cinder 
yields  ^eatly  more  heat  than  the  charcoal  of  wood  ;  for 
141b.  of  brass  that  took  an  hour  and  a  (|uarter  to  be  melt¬ 
ed  in  a  portable  funiance  with  charcoal^  ^vas  melted  with 
coak  in  48  minutes.  But  it  is  apt  to  run  together,  be¬ 
fore  it  is  entirely  consumed  by  the  supply  of  air.  Hence 
among  other  reasons,  in  England,  iJi  the  furnaces  have 
gradually  increased  their  blast. 

I  have  thus  dwelt  upon  pit-coal  or  stone-coal  as  a  fuc  1, 
because  I  foresee  the  time  approaching  when  this  sub¬ 
stance  must  be  resorted  to  in  Pennsylvania.  Of  stone- 
coal  there  arc  two  principal  varieties  ;  1st.  Bituminous 
coal  that  may  be  converted  into  a  coak  cinder,  which 
burns  with  smoke  and  flame  and  soot ;  2dly.  Antliracite, 
or  coal  that  bums  w  ith  a  slight  blue  lambent  flame,  with¬ 
out  smoke  or  soot,  and  which  is  gradually  converted  into 
a  wtoe  ash  as  its  surface  consumes.  The  first  kind  is 
found  at  Chingleclamoose  and  Sinnamahoning  on  the  west 
branch  of  Susquehanna,  and  abounds  throughout  the  whole 
of  Pennsylvania  in  a  line  directly  west  of  those  places,  and 
north  and  south  of  that  west  line :  Pittsburgh  seems  to  be 
almost  in  the  centre  of  the  coal  district. 

The  antliracite,  or  second  kind  of  coal,  is  found  on  the 
head  waters  of  the  Lacawana  and  Lehigh  tliat  run  into  the 

*  I  find  by  recent  trial,  that  a  bushel  of  pine  charcoal  weigli«i 
U^ib:  of  oak  2'^Lb.  T.  C. 
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north  east  branch  of  Susquehanna.  It  is  found  in  almost 
the  whole  of  the  country  watered  by  those  two  rivers  and 
their  tributary  streams:  Wilkesbarre  is  in  tlie  centre 
of  a  lai'ge  district  of  this  coal,  which  extends  southward 
across  the  Berwick  turnpike  road,  and  subtends  the  whole 
clay  state  formation  between  Sunbur}^  and  Reading.  It 
is  found  near  the  river  five  miles  Wow  Sunburj’ ;  it  is 
found  a  mile  from  the  turnpike  road  near  the  21  mile  stone 
from  Sunbur}’  to  Reading,  and  it  is  found  on  the  heads 
of  Schuylkill.  It  is  the  same  with  the  culm  of  ^Valcs,  and 
llic  smokeless  coal  of  Kilkenny.  I  think  there  arc  coal 
strata,  of  one  kind  or  other,  throughout  one  thu  d  part  of 
tlic  whole  st;\te  of  Pennsylvania.  The  coal  district  of  Po- 
towmack  I  am  not  acquainted  with ;  what  I  have  men¬ 
tioned,  I  have  in  a  great  measure  jx;rsonally  traced.  Con¬ 
sidering  the  infinite  importance  of  this  substance  as  a  fuel, 
I  think  I  may  venture  to  say,  that  nature  lias  formed  the 
greatest  part  of  Pennsylvania  for  a  manufacturing  coun- 
try. 

Of  the  Blast  Furnace.  Thi.^  furnace  resembles  exter¬ 
nally  a  truncated  quadrilateral  pyramid  of  considerable 
height  in  proportion  to  its  thickness  :  it  is  built  of  the 
strongest  masonr}’,  with  contrivances  by  means  of  fines 
to  obviate  tlie  danger  of  its  cracking  by  the  expansion  that 
takes  place  when  it  is  heated.  The  interior  of  the  fur¬ 
nace  consists  of  the  five  following  parts,  reckoning  from 
the  bottom  upwards. 

First  the  hearth.^  composed  of  a  single  block  of  quartz 
grit  about  two  feet  square :  upon  this  is  erected  what  in 
France  and  Germany  is  called  the  crucible,  which  is  a  four¬ 
sided  cavity  six  feet  six  inches  high,  slightly  enlarging 
upwards  so  as  to  Ixi  two  feet  six  inches  square  at  tlie  top  : 
tlie  part  abpve,  called  the  boshes  is  in  the  shape  of  a  funnel 
or  inverted  cone,  eight  feet  in  peqiendicular  height,  and 
twelve  feet  in  diameter  at  the  top :  this  termmates  in  the 
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cavity  of  the  furnace  which  is  of  a  conical  figure,  thirty 
feet  high,  and  three  feet  diameter  at  the  top ;  from  tliis 
part  it  enlarges  into  a  funnel  shaped  chimney  about  eight 
feet  high  and  sixteen  in  dian'eter  at  its  mouth.  The  li* 
ning  from  the  hearth  to  the  top  of  the  boshes  is  composed 
of  large  blocks  of  quartz  grit,  and  that  of  the  cavity  of  the 
furnace  is  formed  of  fire  bricks  13  inches  long,  and  tliree 
Inches  thick.  About  two  feet  above  the  hearth  is  a  round 
aperture  called  the  Tuyere^  (Twc*er)  made  in  one  of  the 
sides  of  the  crucible  to  admit  the  extremity  of  the  blast 
pipe,  tlirough  which  the  air  in  a  high  state  of  compression 
is  forced  into  the  furnace ;  and  at  the  bf)ttom  of  the  crucible 
is  an  aperture  through  which  the  scoriae  and  melted  me¬ 
tal  are  from  time  to  time  discharged.  A  furnace  of  this 
construction,  if  it  meets  with  no  accident,  may  be  kept  in 
constant  work  for  t^ee  years  or  more,  without  requiring 
any  repairs. 

The  furnace  is  charged  at  the  chimney  by  regular  inter- 
vals  with  coak,  iron  ore,  and  limestone  in  the  proportion 
of  about  4  of  the  first,  3  1-3  of  the  second,  and  1  of  the 
third,  by  weight,  care  being  taken  so  to  regulate  the  fre¬ 
quency  of  the  charges,  as  that  the  furnace  shall  be  always 
full  nearly  to  the  top  of  the  great  cavity.  The  density  of 
the  blast  and  the  form  of  the  discharging  pipe  are  ordered 
so  that  the  chief  focus  of  heat  is  about  the  bottom  of  the 
boshes ;  hence  the  ore  has  to  descend  about  38  feet  per¬ 
pendicular,  before  it  arrives  at  the  place  where  the  fusion 
is  effected.  This  does  not  happen  in  less  than  48  hours, 
so  that  the  ore  is  all  this  time  in  a  state  of  cementation  at 
a  high  temperature  in  contact  with  the  burning  fuel,  and 
in  consequence  is  almost  saturated  w  ith  carbon  w  hen  it 
reaches  the  hottest  part  of  the  fiumace.  Being  arrived  at 
this  place,  the  limestone  flux,  and  the  earthy  particles  of 
the  coaks  and  ore  run  down  into  a  slag,  the  iron  is  also 
melted  and  more  or  less  decarbonized,  and  in  part  oxyda<* 
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ted  by  the  blast  inversely  according  to  the  proportion  of 
fuel  with  which  it  is  mixed  (for  the  oxygen  of  the  air  by 
preference  unites  with  the  loose  carbon  of  the  coaks,  ra¬ 
ther  than  with  that  which  has  combined  with  the  iron). 
The  fluid  mass  soon  sinks  do^vn  below  the  influence  of 
the  blast,  and  while  it  remains  in  quiet  at  the  bottom  of  the 
furnace  the  globules  of  iron  are  precipitated  from  the  slag 
in  which  they  ^vere  enveloped,  and  occupy  the  lowest 
place,  while  the  covering  of  scoriae  thus  interposed  be¬ 
tween  the  metal  and  that  portion  of  the  blast  which  is  re¬ 
flected  downwards,  prevents  it  from  suffering  any  further 
loss  of  carbon.  In  proportion  as  the  melted  matter  accu¬ 
mulates,  the  Sag  being  the  uppermost,  flows  out  at  the  aper¬ 
ture  made  for  this  purpose,  and  the  iron  is  let  out  at  regular 
intervals  into  furrows  made  in  sand,  where  it  forms  Y\'hat  is 
called  pig  iron,  or  into  a  large  reservoir  whence  it  is  poured 
by  means  of  ladles  into  moulds,  forming,  all  the  various 
articles  of  cast  iion  ware,  from  cannons  and  steam  engine 
cylinders,  to  fire  grates  and  common  iron  pots.  ( Aikins.) 

Figure  1,  (Plate  1.)  represents  a  blast-furnace,  with  part 
of  the  blowing-machine.  (Mushet.) 

A,  the  regulating  cylinder,  eight  feet  diameter  and  eight 
feet  high. — B,  the  floating  piston,  loaded  with  weights 
proportionate  to  the  power  of  the  machine. — C,  the  valve j 
by  which  the  air  is  passed  from  the  pumping  cylinder  into 
the  regulator :  its  length  26  inches,  and  bre;idth  1 1  inches. 
— D,  the  aperture  by  which  the  blast  is  forced  into  the 
furnace.  '  Diameter  of  this  range  of  pipes  18  inches.  The 
wider  these  pipes  can  with  conveniency  be  used,  the  less 
is  the  friction,  and  the  more  powerful  are  the  effects  of  the 
blast. — E,  the  blowing  or  pumping  cylinder,  six  feet  dia¬ 
meter,  nine  feet  high  :  travel  of  the  piston  in  this  cylinder 
from  five  to  seven  feet  per  stroke. — F,  the  blowing  piston, 
and  a  view  of  one  of  die  valves,  of  ivhich  there  lire  some- 
times  tw'o,  and  sometimes  four,  distributed  ova'  the  sur- 


face  of  the  piston.  The  area  of  each  is  proportioned  to 
the  number  of  valves:  commonly  they  are  12  to  16  inch, 
es. — G,  a  pile  of  solid  stone  building,  on  which  the  re¬ 
gulating  cylinder  rests,  and  to  which  the  flanch  and  tilts 
of  the  blowing  cylinder  ai'e  attached. — H,  the  safety-valve, 
or  cock : .  by  tlic  simple  turning  of  which  the  blast  may 
be  admitted  to,  or  shut  off  from  the  furnace,  and  passed 
off  to  a  collateral  tube  on  the  opposite  side. — I,  the  tuyere, 
by  which  the  blast  enters  the  furnace.  The  end  of  the 
tapered  pij^,  which  approaches  the  tuyere,  receives  small 
pipes  of  various^diameters,  from  two  to  tliree  inches,  call, 
ed  nose  pipes.  These  are  applied  at  pleasure,  and  as  the 
strength  and  velocity  of  the  blast  may  require. — K,  the 
bottom  of  the  hearth,  two  feet  square. — L,  the  top  of  the 
hcartli,  two  feet  six  inches  square. — KL,  the  height  of  the 
hearth,  six  feet  six  indies. — L,  is  also  the  bottom  of  the 
boshes,  wliich  here  terminate  of  the  same  size  as  the  top 
of  the  hearth ;  only  the  former  are  round,  and  the  later 
square. — M,  tlie  top  of  the  lx)shes,  12  feet  diameter  and 
eight  feet  of  perpendicular  height. — N,  tlie  top  of  the  fur¬ 
nace,  at  which  the  materials  arc  charged ;  commonly  three 
feet  diiunetcr. — MN,  the  internal  cavity  of  the  furnace 
from  the  top.of  the  boshes  upwards,  30  feet  high. — NK, 
total  height  of  the  internal  parts  of  the  furnace,  44  1-2  feet. 
— OO,  the  lining.  This  is  done  in  the  nicest  manner 
witli  fire  bricks  made  on  puqiose,  13  inches  long  and 
three  inches  tliick. — PP,  a  vacancy  which  is  left  all  round 
the  outside  of  the  first  lining,  three  inches  broad,  and 
which  is  beat  full  of  coak-dust.  This  space  is  allowed 
for  any  expansion  which  might  take  place  in  consequence 
of  tlie  swelling  of  the  materials  by  heat  when  descending 
to  the  bottom  of  the  furnace. — QQ,  the  second  lining,  si¬ 
milar  to  the  first. — R,  a  cast  iron  lintel,  on  which  the  bot- 
tom  of  the  arch  is  supported. — RS,  the  rise  of  die  arch. — 
i>T,  height  of  tlie  arch ;  on  the  outside  14  feet,  and  1^? 
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feet  wide. — VV,  the  extremes  of  the  hearth,  ten  feet 
square.  This  and  tlie  bosh  stones  are  always  made  from 
a  coarse  gritted  freestone,  whose  fracture  presents  large 
rounded  grains  of  quartz,  connected  by  means  of  a  ce¬ 
ment  less  pure. 

Figure  2  represents  the  foundation  of  the  furnace,  and 
a  full  view  of  the  manner  in  which  the  false  bottom  is  con- 
structed. 

AA,  the  bottom  stones  of  the  hearth.  B,  stratum  of 
bedding  sand.  CC,  passages  by  which  the  vapour, 
which  may  be  generated  from  the  damps,  are  passed  off. 
DD,  pillars  of  brick.  The  letters  in  the  horizontal  view, 
of  the  same  figure,  correspond  to  similar  letters  in  the  dot  ^ 
ted  elevation. 

Figure  3,  A  A,  horizontal  section  of  tlie  diameter  of 
the  boshes,  the  lining  and  vacancy  for  stuffing  at  M.  C, 
view  of  the  top  of  the  hearth  at  L. 

Figure  4,  \  ertical  side- section  of  tlie  hearth  and  boshes ; 
shewing  the  tymp  and  dam-stones,  and  the  tymp  dam- 
plates.  the  t}  mp-stone.  the  tymp-plate,  which  is 
wedged  firmly  to  the  stone,  to  keep  it  firm  in  case  of  split¬ 
ting  by  tlie  great  heat. — c,  dam-stone,  w  hich  occupies  the 
whole  breadth  of  the  bottom  of  the  hearth,  excepting  about 
six  inches,  which,  when  the  furnace  is  at  work  is  filled 
every  cast  with  strong  sand.  This  stone  is  surmounted 
by  mi  iron  plate  of  considerable  thickness,  and  of  a  pecu¬ 
liar  sluipe,  r/,  and  fi  om  this  called  the  dam-plate.  The 
top  of  the  dam-stone  and  plate  is  two,  three,  or  four  inches 
under  the  level  of  the  tuyere  hole.  The  space  betw  ixt 
the  bottom  of  the  tymp  and  the  dotted  line  is  also  rammed 
full  of  strong  sand,  and  sometimes  fire-clay.  This  is  called 
the  tymp-stopping,  and  prevents  any  part  of  the  blast 
from  being  unnecessarily  expended. 

The  square  of  the  base  of  this  blast-furnace  is  38  feet ; 
the  extreme  height  from  the  false  bottom  to  the  top  of  the 
crater  is  55  feet. 
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The  furnace  being  finished,  the  bottom  and  sides  of  it,  fof 
t\vo  feet  up  the  square  funnel,  receive  a  lining  of  common 
bricks  upon  edge,  to  pre  vent  the  stone  from  shivering  or 
mouldering  when  the  fire  comes  in  contact  w  ith  it.  On 
the  front  of  the  furnace  is  erected  a  temporarj^  fire-place, 
about  four  feet  long,  into  the  bottom  of  which  are  laid 
corresponding  Ixirs.  The  side-w^alls  are  made  so  high  as 
to  reach  tlie  under  surface  of  the  tymp- stone ;  excepting 
a  small  space,  which  afterwards  receives  an  iron  plate  of 
one  and  a  half  inch  thickness,  by  way  of  a  cover  :  tliis  al¬ 
so  preserves  the  tymp-stone  from  any  injury  it  might  sus¬ 
tain  by  being  in  contact  w  ith  the  flame.  A  fire  is  now 
kindled  upon  the  bars,  and  is  fed  occasionally  w  ith  small 
coiils.  As  the  whole  cavity  of  the  furnace  serves  as  a 
chimney  for  this  fire,  the  draught  in  consequence  is  vio¬ 
lent,  and  the  body  of  heat  carried  up  is  veiy*  considerable. 
In  the  course  of  three  w’ceks  the  furnace  will  thus  be¬ 
come  entirely  free  from  damp,  and  fit  for  the  reception 
of  the  materials  t  w  hen  this  is  judged  proper  the  fire-place 
is  removed,  but  the  interior  bricks  are  allowed  to  remain 
till  the  operation  of  blow  ing  commences.  Some  loose 
fuel  is  tlien  thrown  upon  the  bottom  of  the  furnace, 
and  a  few  baskets  of  coaks  are  introduced ;  these  are  al¬ 
lowed  to  become  thoroughly  ignited  before  more  are  ad¬ 
ded.  In  this  manner  the  furnace  is  gradually  filled  ;  some¬ 
times  entirely  full,  and  at  other  times  five-eigtlis  or  three- 
fourths  full.  The  number  of  baskets  full  depend  entirely 
upon  the  size  of  tlie  furnace :  that  in  the  plate  w  ill  contain 
900  baskets.  If  the  coal  is  splint,  the  w^eight  of  each  bas¬ 
ket-full  will  be  nearly  1101b.  x  900  =  99,0001b.  coaks. 
As  this  quality  of  coaks  is  made  w  ith  a  loss  of  nearly  50 
per  cent,  the  original  w  eight  in  raw  coals  will  be  equal  to 
198,0001b.  When  we  reflect  that  tliis  vast  body  of  igni¬ 
ted  matter  is  replaced  every  third  day,  when  the  furnace 
is  properly  at  w  ork,  a  notion  may  be  formed  of  the  im- 
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rhense  quantity  of  materials  requisite,  also  the  conse¬ 
quent  industry  exerted  to  supply  one  or  more  furnaces  for 
the  space  of  one  year. 

When  the  furnace  is  sufficiently  heated  throughouf, 
specific  quantities  of  coak,  iron-stone,  and  blast-furnace 
cinders  are  added  :  these  are  called  charges.  The  coaks 
are  commonly  filled  in  baskets,  which,  at  all  the  various 
iron- works,  are  nearly  of  a  size.  The  weight  of  a  basketj 
however,  depends  entirely  upon  the  nature  and  quality  of 
the  coal,  being  from  70  to  II21b.  each.*  The  iron¬ 
stone  is  filled  into  boxes,  which,  when  moderately  heaped, 
contain  56lb.  of  torrefied  iron-stone ;  they  often  exceed 
this  when  the  stone  has  been  severely  roasted.  The  first 
charges  which  a  furnace  receives,  contain  but  a  small  pro¬ 
portion  of  iron-stone  to  the  weight  of  coaks :  this  is  after¬ 
wards  increased  to  a  full  burden,  which  is  commonly  4 
baskets  coaks,  3201b. ;  2  boxes  iron-stone,  1 121b. ;  1  box 
blast-fiirnace  cinders,  60  or  701b.  f  -  At  new  works, 
where  these  cinders  cannot  be  obtained,  a  similar  quan¬ 
tity  of  limestone  is  used. 

The  descent  of  the  ch*irge,  or  burden,  is  facilitated  by 
opening  the  furnace  below  two  or  three  times  a  day, 
throwing  out  the  cold  cinders,  and  admitting,  for  an  hour 
at  a  time,  a  body  of  fresh  air.  This  operation  is  repeated 
till  the  approach  of  the  iron-stone  and  cinder,  which  is 

*  This  same  variety  in  the  coal  renders  it  almost  impossible, 
under  one  description,  to  give  a  just  idea  of  the  proportions  used 
at  various  blast-furnaces :  to  avoid  being  too  diffuse,  I  shall  con¬ 
fine  my  description  connected  with  a  coal  of  a  medium  quality,  or 
ti  mixture  of  splint  and  frcc-coal,  a  basket  of  which  will  weigh 
from  78lb.  to  84lb. 

t  A  preference  at  first  is  always  given  to  blast-furnace  cinders 
in  place  of  lime  ;  being  already  vitrified,  they  arc  of  much  easier 
fusion,  and  tend  to  preserve  the  surface  of  tl»e  hcartn  by  glazinjt 
it  over  with  a  black  vitrid  crust. 
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always  announced  by  a  partial  fusion,  and  the  dropping 
of  lava  through  the  iron- bars,  introduced  to  support  the 
incumbent  materials  while  those  on  the  bottom  are  carried 
away.  The  filling  above  is  regularly  continued,  and  when 
the  furnace  at  the  top  has  acquired  a  considerable  degree 
of  heat,  it  is  then  judged  time  to  introduce  the  blast ;  tlie 
preparations  necessary  for  which  are  the  following : 

The  dam-stone  is  laid  in  its  place  firmly  imbedded  in 
fire-clay  ;  the  dam-plate  is  again  imbedded  on  this  with 
the  same  cement,  and  is  subject  to  the  same  inclination, 
on  the  top  of  this  plate  is  a  slight  depression,  of  a  curved 
form,  towards  that  side  farthest  distant  from  the  blast,  for 
the  purpose  of  concentrating  the  scoria,  and  allowing  it 
to  flow  off  in  a  connected  stream,  as  it  tends  to  surmount 
tlie  level  of  the  dam.  From  this  notch  to  the  level  of  the 
floor  a  declivity  of  brick-work  is  erected,  down  which 
the  scoria  of  the  furnace  flows  in  large  quantities.  The 
opaiing  betwixt  the  dam  and  side-walls  of  the  furnace 
called  the  Jatildy  is  then  built  up  with  sand,  the  loose 
bricks  arc  removed,  and  the  furnace  bottom  is  covered 
with  powdered  lime  or  charcoal-dust.  The  ignited  coaks 
are  now  allowed  to  fall  do^vn,  and  are  l)rought  forward 
with  iron-bars  nearly  to  a  level  with  the  dam.  The  space 
between  the  surface  of  the  coaks  and  the  bottom  of  the 
tymp-plate  is  next  rammed  hard  with  strong  binding  sand ; 
and  these  coaks,  which  are  exposed  on  the  outside,  are  co¬ 
vered  with  coak-dust.  These  precautions  being  taken,  the 
tuyere-hole  is  then  opened  and  lined  with  a  soft  mixture  of 
fire-clay  and  loam  :  the  blast  is  commonly  introduced  into 
the  furnace  at  first  with  a  small  dischargng-pipe,  w  hich 
is  afterwards  increased  as  occasion  may  require.  In  tw  o 
hours  alter  blowing,  a  considerable  quantity  of  lava  will 
be  accumulated ;  iron  bars  are  then  introduced,  and  per- 
forations,  made  in  the  compressed  matter  at  the  bottom  of 
the  furnace ;  the  lava  is  adniitted  to  all  parts  of  tlie  hearth. 


and  soon  thoroughly  heats  and  glazes  the  surfaces  of  the 
fire-stone.  Shortly  after  this  it  rises  to  a  level  with  the 
notch  in  the  dam-plate,  and  by  its  own  accumulation,  to¬ 
gether  with  the  forcible  action  of  the  blast,  it  flov\'s  over. 
Its  colour  is  at  first  black ;  its  fracture  dense,  and  very 
ponderous  ;  the  form  it  assumes  in  running  off  is  flat  and 
branched,  sometimes  in  long  streams,  and  at  other  times 
less  extensive.  If  the  prepiiration  has  been  well  conduct¬ 
ed,  the  colour  of  the  cinder  will  soon  change  to  white ;  and 
the  metal,  which  in  the  state  of  an  oxyde  formerly  colour¬ 
ed  it,  will  be  left  in  a  disengaged  state  in  the  furnace. 
\Vlien  the  metal  has  risen  nearly  to  a  level  with  the  dam, 
it  is  then  let  out  by  cutting  away  the  hardened  loam  of 
the  fauld,  and  conveyed  by  a  channel,  made  in  sand,  to  it» 
proper  destination ;  the  principal  channel,  or  runner,  is 
called  the  satv^  the  lateral  moulds  are  called  the  pigs. 

In  six  days  after  the  commencement  of  blowing,  the 
furnace  ought  to  have  wrought  herself  clear ^  and  have 
acquired  capacity  sufficient  to  contain  from  5000  to  7000 
weight  of  iron.  The  quality  ought  also  to  be  richly  car¬ 
bonated,  so  as  to  be  of  value  and  estimation  in  the  pig- 
mai'ket.  At  this  period,  witli  a  quality  of  coal  as  formerly 
mentioned,  the  charge  will  have  increased  to  the  following 
proportions  : — 5  baskets  coaks,  4001b. ;  6  boxes  iron¬ 
stone,  3361b. ;  1  box  limestone,  1001b.  (Miishet.)  * 

In  1  Repertory  of  Arts,  old  scries,  is  Mr.  John  Wil¬ 
kinson’s  patent  for  a  small  furnace  for  smelting  iron,  but 
I  have  not  heard  that  it  was  ever  adopted. 

The  articles.  Blast,  Blow,  Furnace  and  Iron,  in  Rees’s 
new  Encyclopaedia,  are  well  drawn  up,  mostly  from  the 
same  sources  that  I  have  resorted  to.  As  I  have  made 
little  or  no  use  of  those  articles,  I  refer  to  them  here  as 
worth  perusing. 

The  next  plate,  is  the  ground  plan  and  outlines  of  the 
ftimace  commonly  used  in  Pennsylvania.  •  Tue  plate  it- 
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self  is  sufficiently  ’ intelligible,  but  the  following  remarks 
may  be  usefully  added. 

Ground  plan  of  the  furnace  30  feet  square. 

Height  from  the  ground  38  feet. 

Height  from  where  the  boshes  Wgin  to  slant  26  feet. 
Width  at  the  level  of  the  platfomi  of  the  boshes  9  feel. 
From  the  licarth  to  the  bottoni  of  the  boshes  5  feet. 
From  the  hearth  to  the  bottom  of  the  tympan  1-4. 
Declination  of  the  wall,  from  the  bottom  of  the  boshes 
upwards  9  indies  per  foot. 

Furnace  hole  21  inches  at  top,  19  inches  at  bottom,  and 
three  eighths  deep. 

.  The  wall  abov^  the  point  of  the  arches,  is  supported  by 
cross  Bars  of  thick  iron. 

Tile  dani  1 1  inches  high,  leaving  5  inches  open  from 
the  top  of  the  dam  to  the  bottom  of  the  tympan. 

‘  The  hearth  is  bedded  on  15  inclKS  of  dry  sand. 

‘  Opening  of  the  clrimney  at  top  18  inches :  too  small. 

Some  of  the  vacancies  left  in  the  walls  to  let  out  the 
steam  (flues  of  6  inches  squ^e)  are  shewn  on  the  plan  s 
they  may  be  filled  up  with  coarse  loose  stone. 

Water  wheel  30  feet. 

Length  of  shaft  33  feet. 

Width  of  the  wheel  in  the  clear  26  indies. 

Shrouding  3  1-4  inches  by  8  inches.  ’ 

•  In^ 

riie  height  from  tlie  hearth  to  the  trundle  head  31  8 

- from  the  foundation  to  tlie  hciirth,  5  4 

- from  the  narrowest  part  of  the  boshes  1^3 

to  the  widest  part,  ‘  '  J 

- of  the  tweer  (tuyere)  from  the  bot- ) 

tom  of  the  hearth  J 

Distance  from  the  nose  of  the  tweer  to  the’oppo-  V  .  ^ 

sitewall^  V  J  ^  ^ 

•  (  » 

The  blast  of  late,  years  is  not  thrown  in  quite  horizontally,  but 
^  little  inclining  upwards;  no  doubt  an  improveroent.  T.  Q. 


Feet*  In* 

Diameter  of  the  nose  of  the  tweer  3  in.  by  2  1-2  in. 

- drums  6 

D  jpth  of  the  drums  5 

S  rokes  in  a  minute  4  1-2. 

Hci'rlh  from  the  bottom  to  the  boslies  4  8 

Dam  stone  siliceous  grit,  calculated  to  last  about 
six  months. 

45  cvvt.  of  ore  to  a  ton  of  metal. 

Charge  of  ore  3201b. 

coal  15  l)ushels,  each  from  14  to  151b. 
limestone  401b. 

Charges  run  every  24  hours  :  27  to  28. 

Wages  of  carters,  banksmen,  ore  diggers,  61  1-2  cents 
per  day. 

- r - Fillers  76  cents:  ore  pounders  69  cents: 

gutterman  53  1-2  cents:  blacksmith  92  c!s* 

- - Founder  100  cents  per  ton  for  pig  metal  and 

266  1-3  cents  per  ton  for  hollow  ware. 
Charcoal  200  bushels  to  a  ton  of  metal. 

In  erecting  a  blast  furnace,  either  sand-stone  that  will 
bear  tlie  fire,  or  fire  brick  should  lx:  employed.  Sand-, 
stone  newly  dug  out  of  the  ground  will  be  found  to  con^ 
tain  near  ten  per  cent,  of  moisture  imbibed.  If  therefore 
a  furnace  should  require  1000  ton  of  stone,  100  ton  of 
vapour  will  require  to  be  dissipated.  This  can  be  ascer¬ 
tained  by  exposing  a  pound  of  your  stone,  to  a  red  heat 
for  tw^o  hours,  weighing  it  before  and  after. 

The  vents  or  flues  to  let  out  the  steam  may  be  repealed 
every  4  or  5  feet  high,  and  filled  with  irregulai*  loose  stone; 
they  may  be  6  inches  diameter. 

The  nose  of  the  tuyere,  ought  to  be  kept  w  ell  plaister. 
ed  wnth  refractory  clay,  else  the  iron  is  \'erv  much  dispo¬ 
sed  to  bum. 

Of  the  bldsf*  and  the  mode  of  abbhnntf  it,  Tn  al- 
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most  every  trial  in  England,  the  produce  of  the  fur¬ 
nace  has  been  encreased  by  encrcasing  the  quantity  of 
air  in  modem  furnaces,  beyond  the  common  blast  of  the 
furnaces  formerly  erected.  I  believe  the  newly  built  fur¬ 
naces  of  England,  have  two  bellows-arches  opposite  to 
each  other,  and  two  air  pipes.  This  not  only  encrcases  the 
quantity  of  air  admitted,  but  in  a  considerable  degree  pre¬ 
serves  the  nose  of  the  tuyere  from  burning,  and  tlic  pipe 
need  not  project  so  far  into  the  furnace  ;  nor  is  it  found 
that  the  opposite  currents  of  air  obstruct  each  other.  This 
encrease  of  the  volume  of  air  in  modern  works,  mey,  for 
aught  I  know,  be  more  advantageous  in  tlie  pit-coal  fur¬ 
naces,  than  in  the  wood-charcoal  •  furnaces ;  but  I  am 
strongly  inclined  to  think  that  there  is  great  room  for  im¬ 
provement  in  this  respect,  even  among  our  charcoal  fur¬ 
naces  of  Pennsylvania-  The  following  remarks  of  Mr. 
Roebuck,  one  of  the  owners  and  managers  of  the  Devon 
iron  works,  are  considered  as  having  been  confirmed  by  all 
late  experience.  6  Ph,  Mag.  331. 

“  This  improper  measure,  however,  afforded  me  the  op¬ 
portunity  of  immediately  putting  in  practice  the  plan  I 
have  mentioned. 

Wlicii  one  of  the  furnaces  was  stopped,  the  other 
exjntinued  to  be  blo^^’n  by  a  blow-pipe  of  two  and  three 
fourth  inches  diameter,  and  the  produce  of  the  furnace, 
for  several  weeks  thereafter,  was  not  20  tons  of  iron  per 
week  at  an  average.  The  engine  at  this  time  was  making 
about  1 6  strokes  a  minute,  with  a  stroke  of  the  air-pump, 
about  4  feet  8  inches  long ;  but  when  I  altered  the  di- 
ameter  of  tlK'  blon  -pipe,  first  to  3,  and  immediately  after 
to  tlirce  and  one-fourth  inches  diameter,  and  regulated  the 
working  gears  of  the  engine,  so  as  to  make  a  stroke  of 
five  feet  two  inches  long,  and  about  19  strokes  in  a  mi¬ 
nute,  on  an  average,  the  produce  was  immediately  increas¬ 
ed.  It  continued  to  be,  on  an  average  of  nine  months 
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immediately  after  this  improvement,  at  the  rate  of  33  tons 
of  iron  per  week,  of  as  good  quality  as  formerly ;  for 
during  this  period,  from  the  21st  of  November,  1795,  to 
July  30,  1796,  this  one  furnace  yielded  1188  tons  of  iron. 
No  more  coals  were  consumed  in  working  the  blast-engine, 
or  other  expences  about  the  blowing  machine  .incurred, 
and  therefore  no  more  power  was  employed  to  produce 
this  great  effect.  It  is  also  of  much  importance  to  re¬ 
mark,  that  the  consumption  of  materials,  from  which  this 
large  produce  was  obtained,  was  by  no  means  so  great  as 
formerly.  The  furnace  required  very  considerably  less 
Jiiely  less  iron-stoney  and  less  limestoney  than  were  employ¬ 
ed  to  produce  the  same  quantity  of  iron  by  the  former 
method  of  blowing ;  and  according  to  the  statements  made 
out  by  the  company’s  orders,  as  great  a  change  was  effect¬ 
ed  in  the  economical  part  of  the  business. 

From  the  success  of  this  experiment,  so  well  authenti¬ 
cated,  and  continued  for  several  months,  I  am  led  to  be  of 
opinion,  that  all  blast  furnaces,  by  a  proper  adjustment  of 
such  machinery  as  they  are  provided  with,  might  greatly 
and  advantageously  increase  their  produce,  by  assuming 
this  as  a  principle,  viz,  “  That  with  the  given  power  it  is 
rather  by  a  great  quantity  of  air  thrown  into  the  fumaccy 
with  a  moderate  velocity y  than  by  a  less  quantity  thrown  in 
with  a  greater  velocity y  that  the  greatest  benefit  is  derivedy 
in  the  smelting  of  iron-stonesy  in  order  to  produce  pig-iron,'^^ 
However,  it  is  by  experiment  alone,  perhaps,  that  we  can 
be  enabled  to  find  out  the  exact  relations  of  power,  velo¬ 
city,  and  quantity  of  air  requisite  to  produce  a  maximum 
of  effect.” 

Formerly  in  England  as  in  this  country,  wlicn  charcoal 
was  used,  many  of  the  furnaces  were  mere  bloomeries, 
worked  by.liand-bellows,  or  a  small  water-power.  Then 
were  introduced  wooden  drams,  strongly  hoojied,  with 
safety  valve«i  or  snorts,  still  ver}*  common  in  America,  and 
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worked  by  a  water  wheel.  To  these  succeeded  as  a  great 
improvement  in  England,  cast  iron  cylinders,  in  which  a 
piston  is  worked  by  the  power  of  a  steam  engine,  (for  in 
tliat  country,  iron  works  are  very  commonly  put  into  ope¬ 
ration  by  the  power  of  steam)  of  late  (that  is  within  these  15 
years)  the  mode  generally  pursued  of  equalizing  the  blast, 
is,  by  means  of  a  column  of  water.  Large  iron  chests  are 
inverted  in  water,  and  the  water  between  the  outside  con¬ 
taining- vessel,  and  the  inside  inverted- vt'ssel,  into  which 
the  air  is  thrown,  serves  to  give  by  the  re'-action  of  its 
weight  an  equal  pressure  to  the  air  thus  thrown  in,  and 
which  is  again  conveyed  from  the  inverted  chest  into  the 
tuyere.  On  this  subject,  I  give  the  following  essay  from 
6  Phil.  Mag.  60,  113. 

When  it  is  considered  that  in  the  smelting  operation 
the  reduction  of  immense  quantities  of  materials  is  effect¬ 
ed  by  a  compressed  current  of  air  impelled  by  tlie  whole 
power  of  a  blow  ing  machine,  the  constxjuences  of  the 
cliange  of  air,  either  in  (|uantity  or  quality,  must  be  very* 
obvious :  when,  farther,  we  contemplate  the  metal  called 
into  existence  bv  mciins  of  combustion  tlms  excited ; 
w  hen  we  consider  iron  as  having  the  most  pow^erful  affini- 
nity  for  the  base  of  that  part  of  the  air  which  maintains 
combustion ;  and  when  we  view  the  debased  state  to 
W'hicli  the  meUil  is  re^duced  by  coming  into  improper  contact 
w  ith  it,  we  must  conclude,  tliat  the  application  of  blast 
in  the  manufacturing  of  iron,  calls  for  the  most  minute 
and  thorough  investigation.  In  order  to  take  a  compre¬ 
hensive  view  of  this  subject,  the  following  division  will 
be  requisite  — 

1st,  The  intimate  connection  which  the  quantity  of 
blast  bears  to  the  area  of  the  internal  cavity  of  the  furnace, 
and  to  the  nature  of  the  pit-coal. 

2d,  The  viiiious  modes  by  w  hich  air  is  procured,  and 
how  these  respectively  affect  the  c|uality  ot  the  air. 
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3d>  The  various  changes  to  which  air  is  subjected  by  a 
change  of  temperature  in  the  atmosphere,  with  the  conse¬ 
quent  effects. 

4th,  How  far  increased  or  diminished  velocity  and  com- 
,pression  alter  the  results  of  the  furnace, 

-  5th,  The  ftn'm  and  diameter  of  the  discharging-pipe. 

1st,  Then,  in  the  construction  of  a  blast-furnace  and 
blowing-machine,  the  quantity  of  air  to  be  used  ought  to 
depeixl  upon  the  internal  dimensions  of  the  former ;  which, 
again,  ought  to  be  formed  according  to  the  quality  of  the 
pit-coal.  Upon  the  softness  or  hardness  of  the  coal,  ought 
more  immediately  to  depend  tlie  height  of  the  blast-fur¬ 
nace.  This  necessary  precaution  has  given  rise  to  a  vast 
variety  of  furnaces,  of  different  capacities,  from  30  to  50 
feet  in  height,  and  from  9  to  16  feet  diameter  at  tlie  bosh¬ 
es.  Furnaces  from  30  to  36  feet  are  used  for  the  softer 
qualities  of  coal,  such  as  a  mixture  of  free-coal  and  splint. 
Furnaces  from  36  to  45  are  appropriated  to  tlie  burning 
of  splint-coal  coaks ;  and  in  Wales,  such  is  tlic  superior 
strength  and  quality  of  the  pit- coal,  that  the  furnaces  ad¬ 
mit  of  being  reared  to  the  height  of  50  feet. 

These  various  qualities  of  coal,  it  has  been  formerly 
shewn,  have  appropriate  weights  of  iron-stone,  and,  to  use 
the  language  of  the  manufictory,  are  capable  “  of  support¬ 
ing  a  greater  or  lesser  burden  of  mine.’’  The  former  qua¬ 
lities  admit  not  of  having  die  air  discharged  in  great  quan¬ 
tity,  unless  it  is  impelled  under  an  uncommon  degree  of 
compression  and  consequent  velocity  incompatible  with 
the  operations  of  a  steam-engine.  The  reason  is  obvious : 
when  air,  loosely  compressed,  or  comparatively  so,  is 
thrown  into  a  body  of  ignited  lucl,  the  mechanical  struc¬ 
ture  and  continuity  of  whose  particles  are  soft,  the  air  is 
much  moro  easily  decomposed  ;  the  ignition,  of  course, 
is  more  rapid  :  the  descent  of  the  materials  is  promoted 
beyond  dicir  proper  ratio,  and  long  before  the  carbona- 
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ccoiis  mntt?r  has  penetrate  d  the'orc,  or  united  to  the  metal, 
to  constitute  fusibility.  1  shall  adduce  an  example,  as  be* 
ing  most  illustrative  of  this  doctrine. 

Supp' s  a  b’ast.rumacc ,  35  Icct  high,  11  feet  wide  at 
the  bcs'ics,  properly  burdened,  and  producing  No.  1,  pig- 
iron.  Let  the  dischuge  of  air  be  supposed  equal  to  a 
pressure  two  and  a  half  pounds  upon  the  square  inch,  or 
equivalent  to  l-6ih  of  the  atmosphere,  or  5  inches  of  mer¬ 
cury  :  under  these  circumstances  let  it  farther  be  suppos¬ 
ed,  that  1500  cubical  fet  of  air  are  discliurged  in  one  min¬ 
ute  ;  and  that  the  diameter  of  the  discharging-pipe  is  2*625^ 
the  area  of  which  is  equal  to  6*890625  circukir  inches* 
Let  the  discharging-pipe  be  increased  to  3  inches  diame¬ 
ter,  and  let  the  same  (juantity  of  air  be  passed  into  tlie  fur¬ 
nace  ;  it  is  e\  ident  that  as  the  itrea  of  the  discharging-pipc 
is  increased  to  9  circular  inches,  or  nearly  l-3d  more  than 
formerly,  the  compression  of  air  must  be  pro|x>rtionally 
diminished.  This  alteration  is  soon  perceived^by  its  eflects  ; 
the  quantity  of  scoria  increases  from  the  furnace,  whilst 
the  consumption  of  the  materials  above  is  also  considera¬ 
bly  augmented.  In  a  few  hours  the  scoria  w  ill  have  un¬ 
dergone  a  complete  change,  Irom  pure  white,  enamelleel 
wixh  various  blue  shades,  to  a  green,  brown,  or  black  co¬ 
lour,  considerably  charged  w  ith  the  oxyd  of  iron*.  The 
same  effects  w  ill  continue,  in  greater  or  lesser  degree,  till 
all  the  materials  are  reduced  w  hich  were  existing  in  the 
furnace  at  the  period  of  diminished  compression.  'Lhe  phi¬ 
losophy  of  this  fact  may  be  accounted  for  in  the  following 
manner : — » 

While  the  just  association  of  proportions  remained,  the 
air  wais  discharged  under  such  a  degree  of  compression  as 
to  excite  proper  combustion :  the  decomposition  of  the 
air  by  means  of  the  ignited  fuel,  was  not  effected  in  imme- 

*  The  metal  will  have  lost  nearly  all  its  carbon,  and  have  become 
inferior  in  value  25  to  30  /icr  cent. 
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dlate  contact  M^lth  tlie  separating  metal,  but  had,  by  its 
uncominon  degree  of  density,  resisted  decomposition  in 
the  ignited  passage,  and  had  been  decomposed  upon  the  • 
coaks  at  a  greater  elevation  in  the  furnace.  As  a  proof 
of  this,  we  frequently  see  a  tube  formed  throughout  the 
breadth  of  the  furnace,  quite  black  and  apparently  cold, 
formed  of  the  fused  materials  :  when  this  is  removed,  a 
considerable  descent  momently  takes  place  of  coaks  heated 
visibly  beyond  the  common  pitch  :  tliese  iiifiame  rapidly, 
but  are  soon  again  cooled  to  blackness  by  the  incessant 
discharge  of  air  upon  them.  The  descending  mixture 
of  iron  and  lava  are  in  like  manner  cooled  around  the  line 
of  blast ;  the  tube  is  again  formed,  and,  if  not  reinovtd, 
will  remain  for  days  together,  while  the  furnace  will  be 
otherways  working  in  the  best  manner. 

When  by  accident  or  design  the  comj:)ress!on  and  ^tIo- 
city  of  tlie  blast  arc  diminished,  the  tube  begins  to  burn, 
and  throws  off  a  great  many  red  fiery-coloured  sparks,  tiie 
sides  and  roof  fail,  and  are  carried  Ix:fore  the  blast  in  all  di¬ 
rections.  Sometimes  considerable  cloats  of  imperff  et  iron 
are  recoiled  with  such  violence  as  to  escape  the  vortex  of 
blast,  and  issue  from  tlie  tuyere-hole  ^vith  such  velocity  as 
to  inflame  in  the  air,  and  fall  down  in  the  state  of  oxyd.  In 
the  end  die  tuyere  iv  ill  apix^ar  to  flame  and  ail  the  passage 
inwards  shews  an  astonishing  degree  of  whiteness.  The 
decomposition  of  tlie  air  is  instantaneously  effected  upon 
its  entering  the  ignited  passage ;  the  iron  by  this  means 
is  exposed  to  the  oxygen  that  is  disengaged ;  and  the 
vast  quantity  of  caloric  set  free,  in  consequence  of  its  union 
with  the  iron  and  carbon,  produces  the  astonishing  heat 
now  visible,  but  which  formerly  took  place  at  a  more  pro¬ 
per  height  in  the  furnace. 

From  this  it  will  appear,  that  although  a  greater  ajiparent 
degree  of  heat  is  visibly  produced  by  the  sudden  decom¬ 
position  of  the  air„  and  a  more  rapid  descent  of  materials 
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for  some  time  is  the  consequence,  yet,  as  the  quality  of 
the  iion  is  impaired,  and  as  in  the  end  the  furnace  will 
return  to  its  old  consumption  of  materials  as  to  quan- 
tity,  the  effects  of  a  loose  soft  blast  arc  conclusively  ixr- 
nicious. 

It  sometimes  happens,  tliat  when  a  loose  blast  is  sur¬ 
charged  with  a  considerable  portion  of  moisture,  or  comes 
in  contact  ^vith  coiiks  which  had  been  wet  when  intro¬ 
duced  into  tlie  furnace,  tlie  inflammation  which  takes  place 
at  the  tuyere  is  prodigious :  fine  fire-clay  w  ill  be  melted 
dow’n  and  blown  to  slag  in  a  few  minutes;  the  sides  of 
llic  furnace,  composed  of  very  infusible  firc-stonc,  is  next 
attacked,  and  in  a  few  hours  will  be  so  completely  destroy¬ 
ed  as  to  stop  the  working,  and  require  immediate  rc  pair. 
Effects  similar  to  those  now  described  will  be  felt  when 
blast  is  improperly  proportioned  to  coal  of  a  stronger  con¬ 
tinuity  of  fracture  and  superior  quality.  Besides  the  ef¬ 
fects  produced  by  the  sudden  decomposition  of  iron,  others 
of  like  nature  are  produced  where  a  soft  coal  is  used,  a 
small  furnace  and  a  great  discliarge  of  blast. 

It  has  been  found  that  crude  iron,  to  be  properly  ma¬ 
tured,  ought  to  remain  in  the  blast  furnace,  according  to 
cifcuinsances,  48  to  60  hours  ;  that  is,  from  the  period 
that  the  iron-stone  is  inwoduced  till  such  time  as  the  me¬ 
tal  begins  to  occupy  its  place  in  the  hearth  in  a  state  of 
perfect  separation.  When  the  contrary  is  the  case,  tlie 
mixtures  arrive  at  the  hottest  piuts  of  the  furnace  before 
the  metal  has  taken  up  a  sufiicient  quantity  of  carbon  from 
tlie  fuel ;  the  action  of  the  blast,  and  the  immediate  heat 
by  which  the  ore  is  surrounded,  forces  tlie  iron  from  its 
connections  to  the  bottom  of  tlie  funiace.  The  quality 
is  de-carbonated,  and  reduced  in  its  value :  to  restore  this 
again,  the  local  portion  of  fuel  is  increased ;  this  adds  to 
the  ex  pence  of  manufacturing,  and  diminishes,  in  some 
measure,  the  smelting  of  the  furnace. 


When  splint-coal  coaks  are  used  in  the  blast-fiimacc, 
the  blast  admits  of  being  tliroum  in  under  the  highest  pos¬ 
sible  pitch  of  compression  tlie  uncommon  density  of  tlic 
charcoal  sustains  a  very  powerful  discharge  of  blast  before 
it  is  dissipated  to  facilitate  the  general  descent.  Most  fre¬ 
quently,  large  masses  of  these  cinders  pass  tlirough  tlte 
whole  ignited  cavity,  and  arc  tlirown  out  below,  possess¬ 
ing  all  the  acuteness  of  their  original  form  and  fracture. 

This  quality  of  coal  is  used  in  all  the  C arson  blast-fur¬ 
naces,  where,  to  ensure  a  respectable  produce,  the  aii*  is 
discharged  under  a  pressure  equal  to  3  1-4  jx)imds  upon 
the  square  inch,  or  6  1-2  inches  of  mercur}’. 

The  same  quality  of  coal  was  used  at  the  Devon  iron¬ 
works,  Avlicre,  at  one  time,  having  all  the  blast  of  a  48 
inch  cylinder  engine  thrown  into  one  furnace,  the  column 
of  mercury  supported  was  upwards  of  7  inches;  the  quan¬ 
tity  of  air  discharged  under  such  an  impelling  power,  I 
found  to  exceed  2600  cubical  feet  per  minute. 

The  coals  used  at  the  Cleugh,  Clcland,  and  Clyde  iron¬ 
works,  are  nearly  of  the  same  quality  at  each — a  mixture 
of  splint  and  soft  coal.  The  Muirkirk  and  Glenbuck  iron¬ 
works  have  a  coal  difi'erent  from  any  of  the  fonner,  and  in 
some  particular  spots  it  considerably  resembles  the  Eng¬ 
lish  clod-coal. 

2d,  The  various  methods  of  procuring  air  for  the  Vjlast- 
furnace  may  be  reduced  to  the  following: — 1st,  Tiiat  pro¬ 
cured  by  cylinders,  and  discharged  into  the  uiniace  by 
means  of  a  floating  piston  heavily  loaded,  and  working  in 
a  large  receiver  or  regulating  cylinder :  2d,  Tiiat  wherein 
pumping  cylinders  onl}'  are  used,  and  the  air  throw  n  into 
chests  inverted  in  water,  called  XhQ  rvater-vault :  3d,  Tliat 
mode  w^herein  the  air  is  discharged  from  the  pumping  or 
forcing  cylinder  into  an  air-tight  house,  called  the  air -vault. 

The  first  method  is  the  original  mode  of  blow  ing,  :ind 
is  still  much  used  at  those  iron -works  whose  erection  has 
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been  prior  to  the  last  fifteen  years.  By  this  mode  the  qiia^ 
lity  of  the  air  is  less  subject  to  alteration  by  a  clumge  of 
atmosphere.  The  principal  objection  to  this  miainer  of 
blowing,  is  die  want  of  capacity  in  the  receiving  cylinder; 
which  cannot  be  increased  so  much  as  to  take  away  the 
considerable  intervals  which  occur  at  different  parts  of  the 
engine-stroke.  This  effect  is  sensibly  seen  by  the  spot  dy 
and  irregular  ascent  and  descent  of  the  column  of  mcrcu- 
xy.  In  water  blowing-machines,  where  the  air  is  raised 
by  three  or  four  cylinders  worked  by  means  of  a  crank, 
where  the  air  is  received  into  an  air-chest,  and  t(jrced  into 
die  furnace  by  the  continual  action  of  the  blast  of  each 
successive  cylinder,  the  current  of  air  is  stead}",  and  sup¬ 
ports  the  column  of  mercury  with  great  uniformity. 

The  use  of  the  w  ater- vault  has  of  late  years  become  very 
general  among  new  erected  wwks.  Its  properties  are,  a 
steady  and  very  cold  blast :  the  largeness  ol'  the  receiving 
cisterns  gives  them  a  sufficient  capacity  to  retain  every 
pound  of  air  raised  by  die  furnace,  and  distribute  it  to  the 
greatest  advantage.  This  is  not  the  case  with  the  floating 
pistons,  w  here  a  certain  quantity  of  spare  w  ind  is  throw  ii 
out  at  ever}!  return  of  die  engine,  lest  the  great  piston  aiid 
weight  should  be  blown  out  of  the  cylinder  altogether  ; 
vvhkh,  indeed,  sometimes  happens.  The  only  objection 
w  hich  remains  in  force  against  the  use  of  the  w  ater- van  it, 
is  the  tendency  w  hich  it  has  to  take  up  a  considerable  por* 
tion  of  the  water  in  solution,  and  introducing  it  into  the 
furnace.  A  judicious  arrangement  of  the  conducting, 
pipes  w^ould  in  some  measure  obviate  this,  as  well  as  the 
more  dangerous  tendency  w  hich  water  has  to  rise  in  a  pipe 
speedily  emptied  of  its  air  by  the  stopping  of  the  engine : 
a  stream  of  water  thus  conveyed  to  the  furnace,  w  ould  be 
productive  of  die  most  awful  consequences. 

The  air  afforded  by  the  air- vault  is  much  inferior  to 
that  obtained  in  the  former  methods.  Tliis  immense  ma- 


g^zine  of  compressed  air  generates  a  considerable  portion 
of  lieat,  which  greedily  seizes  the  damps,  which  are  una¬ 
voidable  ill  underground  excavations,  and  conveys  them 
to  the  furnace.  'Fhe  blast  is,  however,  steady  and  uni¬ 
form  ;  and  when  the  inside  of  the  building  is  completely 
secured  against  the  passage  of  air,  it  is  productive  of  con¬ 
siderable  effects  in  the  furnace.  In  the  summer  months, 
however,  the  air  becon^es  so  far  'debased  as  to  affect  the 
quality  of  the  iron,  and  change  it  from  grey  to  white. 
Every  change  in  the  temperature  of  the  atmosphere  during 
this  period,  is  indicated  by  various  changes  in  the  furnace. 

The  largest  air- vault  hitherto  in  use  was  excavated  out 
of  solid  rock  at  the  Devon  iron  works  :  the  fissures  of  the 
rock  admitted  considerable  quantities  of  water ;  and  the 
same  degree  of  damp  would  always  prevent  the  possibility 
of  making  the  side- walls  and  roof  air-tight  by  means  of 
pitch  and  paper,  8cc. 

Besides  the  various  natures  of  blast,  as  to  the  strength 
and  equality  of  the  current  afforded  by  different  modes  of 
constructing  the  blowing- machines,  a  variety  in  the  qua¬ 
lity  of  the  air  obtained  is  also  an  invariable  consequence : 
this  is  sufficiently  kno^v  n  by  the  effects  which  it  produces 
in  the  blast-furnace,  and  ought  to  be  subject  to  scrupu¬ 
lous  examination. 

lii  this,  as  in  other  countries,  larger  products  of  cast 
iron  are  obtained  in  the  tvinter  months  than  during  the 
summer  and  autumn  seasons  :  the  quality  of  the  metal  is 
also  much  more  caibonated,  and  with  a  less  proportion  of 
fuel.  In  many  parts  of  Sweden,  where  the  summer  heats 
arc  intense,  the  manufacturer  is  obliged  to  blow  out  or  stop 
his  furnace  for  two  or  three  months :  not  onlv  is  he  unable 
to  make  carbonated  metal,  but  is  frequently  incapable  of 
keeping  the  furnace  in  such  trim  as  to  make  a  produce  of 
any  quality  whatever.  In  Britain,  during  the  months  of 
June,  July,  and  August,  more  especudly  in  dry  seasons, 


the  quality  of  the  iron,  witli  the  local  {iroT[:)6rtion  of  fuel, 
will  be  depreciated  30  per  cent,  and  the  quantity  reduced 
to  2-Sds  or  3-4ths. 

In  seeking  for  a  solution  of  this  universally  acknow¬ 
ledged  fact,  our  attention  is  naturally  directed  to  an  exa¬ 
mination  of  the  various  states  of  air.  The  quality  of  the 
air  in  w  inter  is  more  fit  for  combustion  than  in  summer, 
is  a  truth  which  requires  no  farther  demonstration.  Great¬ 
er  coolness,  wlicreby  iin  almost  complete  refrigeration  of 
moisture  takes  place,  and  the  presence  of  perhaps  a  greater 
relative  proportion  of  oxygen,  may  account  for  this  phe¬ 
nomenon.  On  the  contrar}%  tlie  quality  of  air  during  the 
summer  months  becomes  much  contaminated  for  com¬ 
bustion,  by  holding  in  solution  a  much  greater  quantity  of 
moisture :  the  abundance  of  nitrous  particles  may  also  di¬ 
minish  the  usual  proportion  of  oxygen. 

This  will  account  for  the  inferior  effects  of  combustion 
both  in  common  fires  and  in  the  blast-furnace ;  it  will  also 
in  a  great  measure  tend  to  solve  the  curious  phenomenon 
of  pig-iron  taking  up  less  carbon  in  summer,  although  re¬ 
duced  with  a  superior  quantity  of  fuel.  The  air  discharg¬ 
ed  most  probably  contains  less  oxygen ;  yet  the  metal  is 
much  less  carbonated  than  at  other  times,  when  contrary 
proportions  of  these  exist.  Most  probably  the  deficient 
carbon  is  carried  off*  by  dissolving  in  hydrogen,  forming 
a  constant  stream  of  hydro-carbonic  gas,  while  the  oxy  ¬ 
gen  that  is  set  free  unites  to  the  iron ;  and  w  hile  it  reduces 
its  quality,  at  the  same  time  the  quantity  is  reduced  by  a 
proportion  of  the  metal  being  lost  in  the  scoria*. 

*  May  not  the  superabundant  azote  of  the  summer  atmosphere 
produce  part  of  these  effects,  by  dissolving  a  portion  of  the  carbon^ 
and  forming  carbonated  azotic  gas,  as  has  been  proved  by  M.  La¬ 
voisier  ?  Mushet. 

There  is  no  superabundant  azot  in  a  summer  atmosphere,  nor 
any  nitrous  particles.  T.  C. 


To  correct  these  occasional  Imperfections  in  the  quality 
of  the  air,  and  to  devise  methods  to  procure  air  always  fit 
for  proper  combustion,  ought  to  be  an  object  of  much  con¬ 
sideration  to  the  manufacturer  of  cast  iron.  Whether 
such  a  consideration  has  given  rise  to  the  different  modes 
of  receiving  and  discharging  the  air  now  in  use,  I  cannot 
say ;  I  rather  think  not :  a  great  quantity  of  air  has  hither¬ 
to  been  a  greater  object  than  a  certain  and  uniform  quality  ; 
and  in  a  country  where  there  is  more  temperate  and  cold 
weather  than  hot,  it  is  by  far  the  most  important  object : 
to  unite  both,  however,  would  be  an  attainment  of  the 
greatest  utility,  and  would  rank  the  discoverer  amongst 
the  well-deserving  of  his  country.  How  far  the  mechan¬ 
ism  of  our  present  machinery  has  been  adapted  to  the  ex¬ 
igencies  of  our  atmosphere,  will  appear  upon  examining 
the  nature  and  properties  of  the  air,  judged  by  its  effects 
upon  the  blast-furnace. 

The  air  produced  by  the  blowing  and  receiving-cylin¬ 
der  is  less  changed,  and  less  subject  to  change,  than  that 
produced  and  lodged  in  contact  with  a  vast  body  of  air  or 
water.  If  the  blowing-cylinder  is  fixed  in  a  diy  cool  spot, 
the  only  difference  which  the  air  undergoes  is  an  increase 
of  temperature ;  this  is  so  very  considerable,  that  upon 
entering  the  blowing-cylinder  immediately  after  stopping 
the  engine,  I  have  found  the  thermometer  rise  fifteen  to 
seventeen  and  a  hdf  degrees  higher  than  die  surrounding 
air.  That  this  heat  is  generated  in  the  cylinder  is  un¬ 
questionable  ;  but  whether  it  is  occasioned  by  the  firiction 
of  the  piston  leather  upon  the  sides  of  the  cylinder,  or  ex¬ 
pressed  from  the  air  by  its  severe  compression,  I  have  not 
yet  been  able  to  decide.  It  very  probably  arises  fiom 
both  causes,  although  the  latter  is  sufficient  to  produce  a 
much  greater  degree  of  heat.  What  effect  this  increase 
of  temperature  has  upon  combustion  we  are  unable  to  say, 
as  the  degree  of  heat  accumulated  will  at  all  times  bear  a 


reference  to  the  temperature  of  the  surrounding  air,  and  as 
lfet*re>is  no  method  hkdy^ta  be  devi^ied  wfefc  heat  \Vould 
not  be  generated*  by  tlK?  action  6f  the'particfes'bf'air'tipdn 
each  other.  When  the  bulb'of  'a  therniortietti*  fe  held  in 
the  middle  of  the  current^ of  blast,' -‘dsf  it'  from  the 

discharging-pipe,  a  temperature  is  indicated  as  much  low- 
er  than  the  temperature  of  the  surrounding  air,‘ds  the  tern- 
jierature  of  the  cylinder  tvas  higher  ;^‘iind  it  is' ^niost 'pro¬ 
bable 'that  a  much  lower  degree  would' bd  obtained,  were 
it  not  for  the  previous  expression  of  sonic  heat  iii  the  blbvv- 
ing-cylinder*  Upon  the  whole,  I  think,  the  qlialify  6f  the 
air  obtained  iir  tliis  way  of  blowing  uniformly,  thost  fit  IBr 
combustion^  provided  the  numerous'  pauses  dnd  iircgii- 
ku'ities  of  the  current  of- air  w  ere  done  awav.  ’  '  ''  ‘ 

Air  forced  into  the  furnace  under  ivater  pressure  edw^ays 
contains  a  considerable  {lortion  of  moistriie;'  the  blast  of 
course ‘is  colder,  as  it  issues  firomt  the  discliiirgihg-pipC. 
The  temperature  differs  so  much  from  that  of  the  external 
air  as  to  sink  the  thermometer  from  54^  down  to  28®  and 
^0®.  ‘  Such  eflS^cts  aie  produced  by  air  coming  into  con¬ 
tact  w  ith  water,  that,  although  the  temperature  of  the  at¬ 
mosphere  is  60,  65,  to  70,  yet  the  blast  at  the  orifice  sel¬ 
dom  rises  above  38  :  the  cold  produced  in  this  manner  is 
much  increased  if  the  air  is  s'urcharged  w  ith  so  much  w^a- 
ter  as  to  be  visible  in  the  state  of  a  fine  spray.  The  lead¬ 
ing-feature,  therefore,  of  the  water- vault,  as  to  its  effects 
upon  the  (ju  ility  of  the  air,*  seems  to  indicate  an  almost* 
uniform  degree  of  temperature  in  the  blast :  this  can  only 
be  occasioned  by  the  w'arm  air  in  slimmer  taking  up'  a 
greater  <  portion  of  the’  water  in  solution,  the ‘^escape  of 
w  hich' at*  a  small  orifice,  and  under  a  great  degree  of  com-^ 
pression,  produces  the  verj"  great  depression  of  the  tlier- 
mometer.  i  *1  have  already  hinted  at  the  bad  effects  pro- 
duced  by  moist  blasts,  and  shall,  in  a  proixr  place^  more 
minutely  atttend  to  - tlicm.  '  ‘  '  * - ^  ' 
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hr;3  A  or  '  *'?  Ttrrnfi'^-^ 

The  most  inferlorquality  of  air  used  in  the^blast4iirnai^  r 
is  that  thrown,  into  tlie  air-yault,  aivl  afterwards  expressed 
from  thenqc  by  its  own  elasticity  and  the  successive  strokes 'C 
of  the. engine.,-  The.  capacity  of  i  such  a  building  is  from  i 
W,Xo  70,000  cubical  ,  feet  ir  this,  when  filled,  generates  a/i: 
much,  superior  degree  of  heat  to  tliut  sensible'  in  »the  ri 
blqwii^g-cylinder..  As  this  hqit»  is  produced  many^  feeti  v 
distant  from,  any  mechanical  motion^  it  isr  most  oident  a- 
that  it  Is  extricated . from  the  air,  and,  will  readily  unite 
MatJi  tlie  moisture  vdiich-, penetrates  the  building :  the  • 
quality  of  tlic.  air  introduced  into  the  furnace  will  there-- 
fore  be  in  proportion  to  tlie  qu^tity  of  moisture  taken  up;  ■'*' 
tlii;^  >yill.l>e,muph  more  in  summer  than  in  winter, i  as  the 
tcinj^^ture  oflhe  former  exceeds  that  of  the  latter.  "  Tlie*  '  ^ 
sei^tjon,  on  entering  the  air- vault  in  the  coldest  months,  ’ 
immediately  after  stoppings  the, engine,  is  exactly  similar  1 
to  that  experienced  upon  entering  a  crowded  room  in  the  aj 
hottest  sumoKT, day  ;  the  walls  are- covered  *widi  damp, 
and  the  superior,  regions, of  the  vault  readily  obsciire  the 
flume,  of  a  candle,  Thq^  feeling, ,  upon  remaining  in  the 
air- vault  when  the  engine  is>at  work,  is  less  marked  thiin 
would  .jx:  expected  ^jAvhere  so  great  a  compression  of  ‘'air ' 
existed ;  the  sense  of  hcaiang,  owing  to  the  moisture  dn 
the  conducting  medium, i  is.  considerably  impaired,  and 
respir-tion  is  performed  with.some  difticiilty  ;.qthe  light  of 
a  candle  is  faint,  and  not  visible  at  the  distance  of  a  few 
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feet  .  .  .  .  > .  -  i'mi  # 

I  have  explained  the  necessity  of  .just  proportions  cx-  :>  n 
ibting  betwixt  die  area  of  the  interior  of  die  blast-furnace,  fixy 
the  quantity  of  air  thrown  in, per  minute,  and  .the  quality  a.  a 
ol  coal.  The  various  inodes  of  blowing,  and  their  res# 
pective  effects,  deduced  froni strict  observation,- were  also •; 
attended  to.  We  ^liavc  now",  3d,  to  adduce » extunples  ’ 
where  the  viirious  changes  of  the  atmosphere,  ks  to  iif.*at  v  , 
ind  pressure,  occasion  die  most  sensibit  difference  in  the 


quantity  of  materials  consumed,  and  in  the  quality  and 
quantity  of  metal  produced. 

It  has  been  already  demonstrated,  that  the  air  in  winter, 
by  containing  less  moisture,  is  more  proper  for  combus¬ 
tion,  and  more  calculated  to  produce  carbonated  crude 
iron,  than  the  air  existing  at  any  other  season.  From 
this  sup«'ior  quality  the  manufacturer  obtains  advantages, 
which  induce  him  to  wish  for  a  continuance  of  cool  air 
throughout  the  whole  year.  These  effects  are  not,  how¬ 
ever,  uniform  ;  they  depend  greatly  upon  a  light  or  heavy 
atmosphere.  The  keener  and  more  still  the  air,  the  more 
rapid  the  combustion.  During  a  severe  frost,  the  de¬ 
scent  of  the  materials  is  facilitated  from  one  tenth  to  one 
fifteenth  more  than  in  rainy  or  hazy  weather,  and  at  the 
same  time  the  quality  of  the  iron  is  rather  improved  than 
impaired.  When  a  change  from  frost  to  snow  or  rain 
takes  place,  the  effects  frequently  become  almost  imme¬ 
diately  obvious :  the  colour  of  the  flame  at  the  funiace 
head  is  changed ;  the  tuyere  of  the  furnace  inflames,  and 
bums  with  great  violence ;  the  lava,  as  it  flows  from  f he 
r^'otchof  the  dam-stone,  becomes  lengthened  and  teniA- 
ck^us ;  the  form  of  it  is  changed,  and  the  colour  under¬ 
goes  the  most  visible  alterations ;  the  iron  no  longer  re¬ 
tains  its  complete  saturation  of  carbon,  but  flows*  out 
sensibly  impaired  of  its  fluidity,  and,  when  cold,  the  \  '>ri- 
vation  of  carbon  is  most  evident  by  the  examination  » of 
its  fracture. 

When  such  consequences  arise  from  the  transition  so 
frequent  in  wmter  from  frost  to  thaw,  it  will  be  easily  con- 
ceived  that  the  change  effected  during  the  milder  and 
wanner  months  must  produce  proportionally  additional 
effects.  The  increase  of  temperature  by  taking  up,  and 
^  olding  in  solution,  a  much  greater  portion  of  aqueous 
rap  account  for  the  ordinary  effects  which  are  an- 

V  obsinrable  in  every  workt  Where  these  pemicious^ 


consequences  approach  to  extremity,  a  solution  of  the 
phenomenon  will  likely  be  obtained  by  the  examination 
of  the  blowing-apparatus.  If  air  is  fitted  for  combustion 
in  proportion  as  it  is  free  from  watery  solutions,  we  are 
not  to  expect  similar  results  from  these  blast-furnaces  in 
summer,  which  are  blown  by  air  from  the  regulating  cylin¬ 
der,  and  those  blown  by  air  from  a  water  or  air- vault.  I 
have  for  years  seen  this  fact  verified,  and  superior  quan¬ 
tity  and  quality  of  iron  during  the  hot  weather,  obtained 
from  a  furnace  excited  by  means  of  blast,  from  the  simple 
regulating  cylinder,  with  a  less  proportion  of  fuel  than  from 
furnaces  whose  air  was  expressed  by  means  of  the  water 
or  air-vault.  Observations  thus  made,  where  every  day 
the  effects  of  the  different  means  could  be  justly  estimated- 
and  compared,  have  led  me  to  the  following  conclusion : 
That  the  quality  of  the  air,  as  furnished  us  by  nature  in 
our  atmosphere,  is  uniformly  more  fit  for  the  manufacture 
of  crude  iron  to  profitable  account,  when  discharged 
simply  by  means  of  cylinders  and  pistons,  than  when 
brought  into  contact  with  moisture  either  in  the  water- 
vault  or  air- vault. 

So  imj>erfect  has  the  quality  of  the  summer  air  1)060 
found  in  this  country  for  combustion,  where  the  water- 
vault  was  used,  that  experiments  have  been  made  to  re¬ 
pair  the  deficiency  of  effect  by  introducing  steam  into 
the  furnace  by  means  of  an  aperture  above  the  tuyere. 
The  inducing  motive  to  this  act,  was  a  belief,  tliat  com- 
bustion  was  diminished  in  consequence  of  a  diminutioa 
of  oxygen  gas  during  the  summer ;  that,  by  introducing 
water  upon  a  surface  of  materials  ignited  to  whiteness, 
decomposition  would  ensue,  a  larger  quantity  of  oxygen 
would  then  be  presented  to  the  fuel,  and  superior  effects, 
as  to  combustion,  obtained  in  this  manner  than  hidierto 
witnessed.  The  idea  was  ingenious,  and,  in  its  applica¬ 
tion  to  the  manufacture  of  cast  iron,  original ;  but  the 
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whole  train  of  facts,  laid  do\vn  in  this*  aivd  former 
as  to  tlie  effects  of  a  superabundant  quantity  of  oxygen^  * 
was  overlooked.  The  event  proved  in  the  most  com. 
plete  manner,  and  on  a  great  scale,  the  pernicious  effects 
of  moisture.  The  furnace  gradually  became  cooled  ^ 
where  the  steam  entered ;  the  heat,  set  free  by  the  decoml 
position  of  the  water  and  the  disengagement  of  oxygen,  ^ 

•  ••  ,  •  i  * 

increased  to  an  alarming  pitch  a  considerable  way  up  the 
furnace ;  the  quality  of  the  iron  became  brittle,  and  as 
w^hite  in  the  fracture  as  silver ;  the  introduction  of  the 
steam  was  still  continued,  tlie  descending  materials  were 
instantly  robbed  of  their  heat  to  facilitate  the  decomposi¬ 
tion  of  the  w  ater,  and  by-and-by  the  furnace  closed  entbv- 
Iv  over,  and  the  experiment  ceased. 

This  experiment,  performed  in  a  furnace  18  feet  high, 
is  a  complete  proof  that  heat  is  disengaged  from  bodies 
w'hile  they  pass  from  tlie  fluid  to  the  aeriform  state.  The  . 
first  instant  of  the  dischari^  of  steam,  a  “v  cry  conside¬ 
rable  portion  of  heat  would  be  w  itlidraw  ii  from  the  fusing 
materials  and  united  to  the  water.  This,  in  its  turn, 
would  be  ignited  to  wiiitencss,  and  decompose  d  upon  the 
metals  and  coaks,  in  a  superior  region  of  the  furnace* 
The  process  continuing  for  several  hours,  the  materials  at 
the  tuyere  were  at  last  so  completely  deprived  of  the  caloric 
by  the  continual  ton'ent  of  steam,  that  they  lost  fluidity, 
cooled  rapidly,  and  at  last  became  black.  H;»d  another 
aperture  for  steam  and  for  air  been  opened  above  these, 
now  entirely  shut  up  by  the  consolidated  materials,  the 
same  effects  w^ould  ha\^e  lx;en  produced  ;  the  immense 
quantity  of  caloric,  disengaged  by  the  decomposition  of 
tlie  ignited  i\'ater,  w’ould  now  approach  ncarear  to  the  top 
of  the  furnace,  another  stratum  of  fusing  materials  w  ould 
again  become  consolidated,  till  in  the  end  the  w^hole  fur¬ 
nace  w^ould  be  set  fast  from  top  to  bottom.  From  the 
introduction  of  steam  into  the  Ijlast  furnace,  cither  as 
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compound  is  generally  more  fit  for  tlie  manufacture  of  the 
-  su^rior  qualities  of  crude  iron  than  any  mixture  which 
may  be  funiished  by  the  addition  of  water :  that,  although 
‘die  decomposition  of  water,  by  furnishing  a  superior  quan¬ 
tity  of  oxygen,  and  by  tlirowing  off  a  relative  proportion 
of  c^oric,  increases  the  effects  of  combustion  immediately 
in* the  vicinity  of  this  chemical  analysis ;  yet,  as  the  wa¬ 
ter  had  previously  abstracted  the  heat  necessary  to  its  de¬ 
composition  from  the  inferior  stiata,  a  greater  quantity 
by\io  means  exists  in  the  furnace.  The  water,  in  fact, 
only  serves  as  a  medium  to  convey  the  heat  from  one  par- 
ticuUir  spot,  but,  by  attempting  to  fly  off  with  it,  meets 
decomposition,  and  renders  up  not  only  the  abstracted 
lieatj  but  that  which  was  contained  in  the  oxygen  of  its 
decompositioi  i*. 

4th,  The  compression  and  velocity  of  the  air  discharg¬ 
ed  into  the  furnace,  considerably  affect  the  results  of  die 
smelting  operations.  In  the  consideration  of  this  subject 
the  various  qualities  of  coals  will  be  found  to  have  an  in¬ 
timate  connection  with  the  area  of  the  discharging-pipe 
and  the  compression  of  the  blast.  It  has  already  been 
more  than  once  obsert  ed,  that  a  soft  or  mixed  quality  of 
coal  is  more  suscepliiile  of  combustion  than  either  the 
splint  or  clod- coal :  the  consequence  of  this  is,  diat,  un¬ 
less  the  necessary  compression  of  air  is  used,  decompo¬ 
sition  is  too  early  accomplished,  and  the  coaks  become 
oxygenated  by  combustion  in  a  greater  ratio  than  is  pro¬ 
per  for  the  carbonation  of  the  metal.  To  avoid  this  th^ 
column  of  air  oiiglit  to  be  discharged,  in  the  case  of  soft 

*  The  introdaction  of  vapour  or  steam  is  not  well  understood. 
I  have  seen  steel  made,  by  introducing  steam  to  melted  iron  ;  but 
T  do  not  understand  the  tvay  in  which  it  operates.  T.  C. 
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‘^ich,  or  under  a  superior  degree  of  expansive  force,  the 
following  important  truths  may  be  learned :  That  the 
quantity  of  oxygen  which  enters .  into  our  atmospheric 
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coals  being  unavoidably  used,  under  such  a  degrcee  of 
compression,  as  to  resist  entire  decomposition  in  the  ig- 
nited  passage.  In  that  case,  the  iron  does  not  so  imme¬ 
diately  come  into  contact  with  oxygen,  as  the  decompo¬ 
sition  is  chiefly  effected  in  the  superior  strata  of  the  sepa¬ 
rating  materials.  Under  the  former  circumstance,  of  a 
loose  unconnected  stream  of  air  being  thrown  upon  coaks 
easily  combustible,  the  quality  of  the  metal,  with  the 
same  quantity  of  fuel,  becomes  oxygenated,  the  tuyere 
becomes  fiery,  and  frequently  emits  sparks  of  metallic 
oxyd.  The  separating  iron  may  be  viewed  as  it  oozes 
fix)m  the  ore  in  small  gobular  masses,  frequently  on  fire, 
changing  its  state  to  that  of  an  oxyd.  The  combination 
of  oxygen,  by  altering  its  density,  makes  it  subject  to  the 
re-action  of  the  blast,  which  at  times  gives  it  a  direction 
from  the  tuyere  with  considerable  violence.  Those  parts 
of  the  iron  (by  far  the  greatest)  thus  oxydated,  which 
escape  not  at  the  tuyere,  mix  along  with  the  fused  earths 
of  the  ores  and  limestone,  alter  their  colour,  and  flow  from 
the  furnace  more  unrevived  than  at  their  first  introduction. 
It  is,  however,  very  different,  even  with  this  inferior  quali¬ 
ty  of  coal,  where  the  density  of  the  blast  is  proportioned 
to  the  inflammability  of  the  fuel.  Qualities  and  quanti¬ 
ties  of  crude  iron  may  be  produced  from  this,  equal  to 
those  from  coals  reckoned  of  a  superior  nature.  The  metal 
becomes  as  highly  saturated  with  carbonic  principle  as 
that  made  from  clod  or  splint  coal.  The  tuyere  evinces 
that  decomposition  is  effected  in  its  proper  place.  The 
fluid  masses  of  iron,  as  they  become  expressed  from  the 
ore,  are  shivered  into  spray,  before  the  dense  colunm  of 
air,  without  exhibiting  the  least  symptom  of  decompo¬ 
sition.  They  again  unite  under  the  level  of  the  blast,  in¬ 
crease  in  size,  and  sink  through  the  fluid  stratum  of  earths 
to  the  bottom  of  the  furnace.  This  fact  holds  out  one  of 
the  strongest  proofe  of  the  great  affinity  which  carbon  and 
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iron  mutually  possess  towards  each  other.  In  the  case  of 
the  iron  sepiirating  in  an  oxygenated  state  destitute  of  car¬ 
bon,  it  immediately  falls  a  prey  to  its  affinity  for  oxygem 
In  the  latter  case,  the  iron,  being  completely  carbonated, 
resists  decomposition  by  the  sacrifice  of  a  very  small  por¬ 
tion  of  its  carbon ;  it  further  proves,  that  the  affinity  of 
oxygen  is  greater  to  carbon  than  to  iron ;  and  that,  before 
iron  becomes  oxydated,  all  the  carbon  is  taken  up. 

The  continuity  of  the  particles  of  splint  coals  renders 
the  coaks  of  difficult  combustion,  capable  of  ^vithstanding 
a  most  powerful  discharge  of  air,  in  quantity  and  in  the 
degree  of  compression,  without  entailing  effects  similar 
to  those  produced  with  tlae  use  of  softer  coals :  this  ren¬ 
ders  the  operations  with  splint  coal  less  subject  to  casualty 
and  to  change.  Carbonated  iron  witli  a  proper  blast  is 
more  uniformly  obtained,  and  frequently  a  very  superior 
quantity.  Similar  effects  are  produced  with  the  clod  coal, 
but  in  a  more  eminent  degree.  Discharging-pipes  are 
used  four  inches  in  the  diameter,  and  the  compression 
only  equal  to  two  pounds  on  the  square  inch ;  yet  the 
same  fatal  effects  are  not  knou*n  as  in  the  use  of  soft  coal, 
wliich,  with  such  a  column  of  air,  would  require  the  pres¬ 
sure  to  be  equal  to  3  1-2  upon  the  square  inch  at  least. 

5th,  Upon  tlte  form  and  construction  of  the  discharg  • 
ing-pipe,  effects  of  more  considerable  importance  depend 
than  is  either  generally  allowed  or  even  conceived.  At 
some  iron- works,  no  peculiar  shape  is  adopted :  if  the  tube 
is  sufficient  to  convey  the  air,  and  the  mouth  of  it  nearly 
of  the  size  wanted,  the  interior  construction  is  entirely 
overlooked.  This  indifference,  however,  is  by  no  means 
general :  variously  consti’uctcd  pipes  are  used  at  different 
works,  and  at  some  places  it  is  preferred  to  throw  in  the 
air  from  two  pipes  whose  areas  are  only  equiJ  to  one  of 
tlic  usual  size. 
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The  various  shapes  may,  in  point  of  the  principle  of 
their  construction,  be  reduced  to  tlircc.  (Sec  Plate,  Fig, 
1,2,3.) 

To  understand  properly  the  objectionable  parts  of  the 
construction  of  nose-pipes,  it  must  be  recollected,  that 
much  has  been  si.id  to  depend  upon  the  blast  reaching 
the  opposite  extremity  of  the  furnace,  as  little  impaired 
of  the  compactness  and  velocity  of  its  original  discharge 
as  possible.  When  it  is  otherwise,  the  results  in  the  in¬ 
ternal  operations  of  the  furnace  must  be  consequently  al¬ 
tered.  If  the  compression  is  diminished  1-2  or  2-3ds 
when  it  reaches  the  opposite  wall,  decomposition  in  that 
portion  must  be  eflFccted  before  the  air  has  attained  it*- 
elevated  situation  in  the  furnace.  It  is  even  possible  to 
disperse  the  w  hole  column  of  air  in  such  a  manner  that 
the  ignited  materials  of  the  opposite  side  may  receive  little 
of  its  effects  to  promote  combustion. 

The  discharging-j)ijx:  Fig.  1.  is  frequently  used :  itw 
length  is  12  inches  or  more ;  the  discharging  aperture 
3  inches,  the  other  end  5  inches ;  but  this  is  arbitrary', 
depending  upon  the  size  of  the  adjoining  pipe.  From  a 
pipe  thus  constructed,  the  air  disperses  or  diverges  too 
suddenly  ;  and  at  a  small  distance  from  the  orifice,  a  con¬ 
siderable  portion  of  it  answers  but  imperfectly  the  pur¬ 
poses  of  combustion.  Part  of  it  is  speedily  decomposed 
tmdthe  o  ygen  brought  into  immediate  contact  w  ith  the 
iron.  The  quantity  of  metal  is  reduced  by  the  former, 
and  the  quality  injured  by  the  latter.  Though  long 
cu:>tom,  by  a  continued  use  of  such  shaped  pipes,  has 
prevented  their  pernicious  cftects  from  being  obscr\x*d, 
yet  they  must  prove,  in  many  cases,  detrimental  to  the 
oeconomical  distribution  of  air,  and  tlie  manufacture  of 
iron. 

Fig.  2.  represents  a  nose-pipe,  of  another  construction, 
even  more  exceptionable ;  because  the  air  dispersing  still 


ftiore  suddenly,  in  a  degree  somewhat  proportionate  to 
the  more  sudden  contraction  of  the  pipe,  a  considerable 
quantity  never  enters  the  furnace,  but,  striking  on  the  ex¬ 
terior  wall,  is  thence  rejK'lled. 

A  discharging-pipe  constructed  as  in  Fig.  3.  would 
obviate,  in  a  great  measure,  the  imperfections  of*  tlie  two 
former :  the  length  of  the  tapered  piece  is  12  inches,  of 
the  straight  pipe,  6  inches ;  extreme  diameter  as  in  the 
others,  5  inches ;  diameter  of  straight  pipe,  3  inches. 
From  such  a  pipe  it  is  conceived  that  tlie  blast  will  pro¬ 
ceed  to  the  greatest  possible  distance  unimpaired  in  com- 
pession  and  velocity.  So  far,  therefore,  lus  tlie  absolute 
ftjrce  of  the  blast  and  breadth  of  the  furnace  will  permit, 
decomposition  w  ill  be  prevented  on  the  lo\  el  of  the  pii:)e, 
and  the  manufacturer  freed  from  the  evils  which  I  have 
above  detailed,  as  attendant  upon  decomposition  in  that 
quarter.’*  (Mushet.) 

For  drawings  of  the  ground  plan,  sections  and  elevations 
of  a  water-blast  I  refer  to  Mr.  Musliel’spujxr,  6  Phil.  Mag, 
362,  to  Roebuck’s  pa^xr  in  the  same  volume  p.  324,  co¬ 
pied  into  Rees’s  Eucyclop.  articles  Blast  and  Blow. 

Let  it  then  be  remembered,  that  among  the  points  sug¬ 
gested  thus  far  as  to  tlie  smelting  of  iron,  are  the  follow¬ 
ing. 

1st,  That  as  the  principal  object  is  to  procure  metallic 
iron  out  of  the  ore,  the  first  step  is  to  get  rid  of  all  stony 
heterogeneous  matters,  by  sorting  the  ore  when  nccessarj’, 
by  roasting,  by  washing. 

2dly,  That  the  pieces  of  ore  prepared  for  the  furnace, 
should  not  much  vary,  or  much  exceed  the  size  of  an  egg, 

3dly,  That  roasting,  in  contact  with  charcoal  dust,  has 
the  following  effects :  it  drives  off  sulphureous  and  arse¬ 
nical  particles,  if  there  be  any  :  it  drives  off  superfluous 
moisture  ;  it  drives  off  carbonic  acid  gas  by  causing  the 
oxygen  of  the  ore  to  unite  partially  ivith  the  charcoal,  and 


form  that  gas ;  the  orc  thus  approaches  still  nearer  to  a 
metallic  nature,  becomes  magnetic,  and  requires  less  char¬ 
coal  in  the  furnace  to  make  it  into  metal.  But  if  the 
charcoal  dust  be  in  too  small  a  quantity,  or  the  roasting 
continued  with  access  of  air  too  long,  or  if  the  red  hot 
iron-stone  be  exposed  without  coal  dust  to  a  current  of 
air,  the  ore  does  not  lose,  but  gains  in  weight  by  attract- 
ing  the  oxygen  of  tlic  atmosphere  ;  it  becomes  more  re¬ 
fractory  and  infusible,  and  requires  more  fuel  to  metallize 
it :  the  difference  between  a  piece  of  iron  ore,  and  a  piece 
of  iron,  being  for  the  most  part,  that  the  first  is,  and  the 
second  is  not,  combined  with  oxygen,  carbonic  acid  or 
sulphur. 

Perhaps  the  roasting  is  better  done  in  ovens :  Jars  in  2 
Voy.  Mineralogiques  planches  1  and  9,  has  given  the 
oven  employed  for  roasting  ores  of  iron  in  Styria  and  Ca- 
rinthia,  and  the  coak  oven  of  England  :  the  only  question 
here,  is,  would  the  convenience  pay  the  ex  pence. 

4thly,  If  tlie  washing  be  not  skilfully  performed,  there 
Ls  great  hazard  of  washing  away  the  ochry  or  metalliferous 
part  of  the  iron-stone  as  I  think  I  have  seen. 

5thly,  That  it  is  worth  while  to  ascertain  whctlier  the 
iron  ore  is  accompanied  by  earths  or  stones  of  the  clay 
class,  or  the  limestone  class,  or  of  tlie  sand-stone  or  flinty 
class,  in  order  that  limestone  as  a  flux,  may  not  be  indis¬ 
criminately  used  in  tlie  same  proportion  to  all  kind  of  ores. 
The  less  earth  of  anv  kind  is  mixed  with  tlic  ore,  tlie  less 
limestone  is  needed. 

6thly,  Limestone  being  the  flux  that  brings  all  other 
eai’ths  into  fusion,  a  mixture  of  limestone  ore  with  clay 
ore,  or  sand-stone  or  flint  ore,  promotes  their  fusion. 
Hence,  limestone  is  to  be  added  to  clay  ore  and  siliceous 
ore,  but  it  would  be  useless  and  superfluous  to  add  it  to 
a  limestone  ore.  In  this  case,  another  kind  of  ore  should 
be  brought  to  and  mixed  with  the  limestone  ore.  In  Eng¬ 
land,  the  slag  of  previous  fusions  is  much  used. 


7thly,  I'hat  much  ti  ouble  and  e  x  pence  may  be  saved  by 
thus  mixing  ores  of  different  qualities.  So  too,  the  rich 
primary  iron  ores,  tliat  ai'c  not  enveloix^d  in  earth,  may  be 
frequently  mixed  with  good  effect  w  ith  the  secondary  ores, 
where  the  distiuice  will  allow  the  expence  of  carriage.  By 
the  primary  ores,  meaning  such  as  are  found  in  or  near 
the  stratii  called  primitive  by  the  mineralogists,  such  iis 
hematitic  iron  ore,  heavy  compact  red  iron-stone  and 
similar  ores,  wluch  may  be  mixed  with  the  common  ear¬ 
thy  iron-stones  to  good  effect  especially  in  charcoal  fur¬ 
naces.  This  is  done  in  England  where  the  Lancashire 
and  Cumberland  ores  iwe  so  mixed  with  the  poorer  iron¬ 
stones  in  the  coak  furnaces. 

8thly,  That  the  limestone  eiirth  to  become  a  flux, 
should  be  added  in  proportion  as  much  at  least  as  the 
predominant  earth  of  tlie  ore  to  which  it  is  applied.  Thus, 
if  the  iron  be  envelo^x^d  hen  put  in  the  furnace  in  clay 
and  sand-stone  of  which  the  clay  is  about  2  parts  and  the 
sand- stone  one,  the  limestone  should  be  2  parts  also,  or 
equal  to  the  clay  :  this  rule  applies,  not  to  the  whole  weight 
of  tlie  iron  stone,  but  merely  to  the  earths  mingled  u  ith  it. 

9thly,  The  more  moisture  your  ore,  and  your  chiircoal 
contains,  the  more  fuel  and  air,  you  must  use  to  get  rid  of 
it :  and  also, 

lOthly,  The  more  moisture  your  ore  and  your  charcoal 
contiiins,  the  more  fuel  is  carried  off  in  forming  steam, 
.md  is  wasted  in  combining  with  tlic  oxygen  that  is  formed 
by  the  decomposition  of  the  water,  which  contains  by 
weight  85  parts  of  oxygen  in  100. 

lOtlfly,  11  your  charcoal  Ixi  not  well  burnt,  it  cmplot  s 
the  contiguous  charcoal  in  tlie  furnace  to  burn  it ;  where¬ 
in  there  is  waste. 

llthly.  The  use  of  the  charcoal  or  coak,  (the  fuel)  is 
threefold.  It  is  employed  to  give  heat  and  bring  every 
thing  into  liquid  fusion :  and  it  is  employed  to  supjily 
carbon  to  decompose  the  ore,  and  abstract  from  it  its  oxy. 


gen,  which  prevents  Its  becoming  a  perfect  metal :  and  it 
is  employed  in  adding  a  further  dose  of  carbon  to  the  pure 
iron,  which  thereby  becomes  much  more  fusible.  The 
carbon  in  crude  iron  supercarbonated,  is  in  a  great  degR  C 
mechanically  mixed  with  the  iron  as  the  surface  of  highly 
carburetted  kishy  iron,  shews:  in  steel,  the  cubon  is 
chemically  united  to  the  iron.  Good  fresh  charcoal  may 
be  considered  as  containing  seven  eighths  of  carbon. 

12thly,  The  limestone  is  in  proper  proportion,  if  the 
slag  is  thin  and  does  not  retain  any  particles  of  metallic 
iron  enveloped  in  it.  Otherwise,  the  heat  has  not  been 
sufficient ;  or  the  limestone  is  not  in  proper  proportion  ; 
or  the  charge  has  descended  t(X)  soon  ;  or  the  blast  has  not 
been  sufficient  in  quantity,  strength,  and  regularity,  to 
consume  the  coal ;  or  it  may  also  be  in  too  great  propor¬ 
tion  for  the  coal,  thereby  cooling  the  metal  or  the  slag  in 
its  ascent  from  the  tweer ;  for  the  blast  that  is  not  em¬ 
ployed  in  producing  heat  with  the  charcoal,  w  ill  produce 
cold:  and  still  worse,  it  will  re-o;  ygenate  the  iron. 

The  skill  of  the  man  who  manages  the  furnace  is  shewn, 
in  his  proportioning  his  flux  to  his  ore,  so  that  there  sh;dl 
be  tliin  fusion  w^itli  as  small  a  quantity  of  coiJ  as  possible 
— in  using  none  but  well  burnt  dry  coal,  that  none  may 
be  w’astcd — in  using  coal  enough  and  no  more  to  give  the 
required  heat  and  carbonization  ;  for  which  purpose  the 
air  dirown  in  and  the  coal  throw  n  in,  must  consume  each 
other.  If  the  air  be  in  too  great  proportion,  the  charge 
will  be  cooled  :  if  in  too  small  a  proportion  the  charcoJ 
will  not  be  used  up.  Wherever  great  lumps  of  charcoiil 
are  seen  floating  on  the  slag  or  enveloped  witli  it,  there  is 
want  of  skill  in  adjusting  the  projx)rtions. 

ISthly,  The  charcoal  to  be  entirely  consumed  w  ithout 
waste,  should  not  be  thrown  into  the  furnace  in  large 
lumps,  for  there  is  not  time  in  diis  case  during  its  descent^ 
for  die  air  and  the  iron  to  decompose  it. 


I4thlv,  As  the  charcoal  requires  time  to  be  decompos¬ 
ed,  and  the  iron  ore  requires  time  to  be  metallized  and 
CLirbonated,  the  size  and  slope  of  the  boshes  should  be 
regulated  by  attentive  ob>ervatioii  of  tlie  process  in  all  its 
course,  daring  the  first  period  of  blast ;  for  ore  of  one 
kind  may  be  carbonized  quicker  than  ore  of  another  kind, 
and  therefore  may  be  permitted  to  descend  more  speedily 
(ill  comparison.)  This  must  be  the  result  of  close  and 
local  attention. 

15thly,  I  am  not  qualified  to  give  an  opinion,  but  I 
would  suggest,  that  in  Pennsylvania  generally,  there  has 
been  error,  rather  in  giving  too  little  than  too  much  blast- 
Also,  that  a  slight  inclination  of  the  blast  upward  rather 
th  in  an  horizontal  stream,  is  to  be  preferred.  For,  in  the 
latter  case,  there  is  (as  I  think)  danger  of  cooling  the  slag, 
or  oxygenating  the  metal.  Also,  whether  tlie  same  quan¬ 
tity  of  air,  would  not  answer  a  better  purpose  firom  two 
pipes  in  opposite  directions  than  from  one  ? 

IGthly,  It  appears,  that  pit-coal  or  coak  furnaces,  re¬ 
quire  to  be  higher,  and  re(|uire  also  a  greater  blast  to  con¬ 
sume  and  decompose  the  fuel  than  charcoal  furnaces ; 
and  the  ore  requires  a  longer  time  to  be  metallized  thiin 
with  wood  charcoal  :  I  have  sometimes  thought  the 
Pennsylvania  furnaces  are  somewhat  higher  than  neces¬ 
sary.  I  have  measured  the  plates  in  Jars,  and  find  the  di¬ 
mensions  of  >';irious  furnaces  as  under. 


Ground  Width  at  Height  from 


plan. 

the  boahes. 

the  hearth 

Iron  furnace  at  E.isenharta 

13 

8.  3 

33 

T rey back,  in  Carinthia  1 6 

4.  - 

23 

John-Gcorj^en-Staclt,  \ 
in  Saxony  \ 

^  29 

5.  - 

21 

Sweden 

25  6 

7.  - 

25 

Laurwig,  in  Norway 

30 

8.  - 

30 

_  w  _ 

The  above  are  French  fee%  which  are  to  the  Engllsli 
114  to  107. 
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Jars  has  given  the  steel  furnace,  and  the  foundery  l\ir. 
nace  of  England,  but  not  the  blast  furnace. 

17thly,  Thus  it  appears,  diat  a  smelting  furnace  may 
be  considered  as  divided  into  three  parts  ;  viz.  the  up¬ 
permost  portion  from  the  opening  at  top,  downward  to 
the  narrow  part  of  the  boshes  w  herein  the  process  of  ce¬ 
menting  goes  on  ;  tliat  is,  where  the  crude  ore  is  gradu- 
ally  deprived  of  tlie  oxygen,  or  substance  that  demetallizes 
it,  by  means  of  the  ciirbon  of  the  coals.  Whether  this 
be  compleatly  effected,  depends  first  on  the  charge  of  the 
furnace ;  w  hether  the  coal,  the  iron-stone,  and  the  blast, 
be  each  in  due  proportion  to  each  other,  so  that  no  part  of 
cither  shall  escape  the  action  of  the  other  :  secondly,  on 
the  degree  of  heat  given  to  the  charge,  for  this  union  of 
the  carbon  of  tlie  coal,  with  the  oxygen  of  the  iron,  does 
not  take  place,  but  in  a  full  red  heat :  thirdly,  upon  the 
size  of  the  particles  of  ore,  cotil  and  limestone :  and 
fourthly,  upon  the  time  the  charge  takes  in  descending 
from  the  top  of  the  chimney  to  the  bottom  of  the  boshes, 
where  the  fusion  or  melting  takes  place;  for,  if  it  descend 
too  cjuickly,  the  iron  will  not  be  sufficiently  carbonated ; 
part  of  it,  in  the  form  of  ore,  or  oxyd,  w  ill  be  turned  into 
glass  w  ith  the  slag,  and  tlie  iron  in  the  hearth  wall  be  im- 
IxTlect  ivhtte  iron  w  ithoiit  a  regular  grain.  On  the  con¬ 
trary,  if  tlie  proportion  of  coal  be  considerable,  and  the  de¬ 
scent  of  tlie  charge  protracted,  the  iron  w  ill  be  smootlu 
faced  pig ;  carburetted  or  supersaturated  w  ith  carbon  ; 
it  w  ill  be  extremely  fusible,  more  so  than  cast  steel,  w  hich, 
in  many  properties,  it  greatly  resembles ;  and  a  substance 
like  plumbago  or  black  lead,  called  kish,  w  ill  float  on  its 
surface.  This  kind  of  pig,  however,  is  very  valuable, 
being  used  for  castings  of  all  kinds  :  w  here  the  coal,  the 
heat,  and  the  stone,  have  been  in  due  proportion,  tlie  iron 
will  be  saturated  w  ith  carbon,  or  ncarh%  so  as  to  be  me¬ 
tallic  throughout.  This  is  Jorge  pig;  a  kind  of  iron  uni- 
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formly  preferred  for  tough  and  heavy  work.  Hence,  this 
last  or  Jor^e  pig^  is  carbonated  iron,  whcRun  the  charcoal 
has  nearly  abstracted  the  whole  of  the  oxygen  :  smooth 
faced  pig  is  carhuretted  iron,  where  the  charcoal  has  su¬ 
perabundantly  combined  with  the  iron  :  the  white  and 
the  mottled  iron,  is  imperfectly  and  irregukirly  ciirbona- 
ted,  and  is  least  valuable. 

The  other  parts  of  the  furnace,  are,  from  the  boshes  to 
the  entrance  of  the  blast,  in  which  is  to  be  considered  whe¬ 
ther  the  width  and  slope,  will  admit  of  the  required  regu¬ 
lar  descent — from  the  bottom  of  the  boshes  to  the  entrance 
of  the  blast  where  the  iron  and  slag  is  finally  fused ;  con¬ 
cerning  whiclt  the  points  of  consideration  are  tlie  quantity, 
the  velocity,  and  the  direction  of  the  blast — and  the  hearth, 
in  which  tlie  melted  metal  is  deposited. 

ISthly,  In  addition  to  the  observations  as  to  the  pro- 
portions  of  charge,  I  would  observe  that  in  England,  a 
•common  charge  by  weight,  is  four  of  coak,  three  and  one- 
third  argillaceous  iron  ore,  and  one  limestone.  At  a  fur¬ 
nace  in  England  producing  good  melting  iron,  of  a  quali¬ 
ty  between  the  highly  carburetted  dark  grey  iron.  No.  1, 
and  the  imperfeedy  white  iron  or  forge  pig  carbonated — 
working  an  argillaceous  iron  ore  containing  27  per  cent, 
of  iron — the  furnace  being  45  feet  high,  and  twelve  and 
a  half  feet  diameter  at  the  widest  part — consuming  2500 
cubic  feet  of  air  per  miimte,  issuing  from  a  tuyere  of  two 
and  three  fourth  inches — the  average  charges  of  coak  jK-r 
shift  (or  12  hours)  arc  fifty  of  two  and  three-fourths  hun¬ 
dred  weight  each,  or  nearly  se^  en  tons.  The  calcined  or 
roasted  ore  for  good  melting  iron,  is  of  the  same  quantity, 
but  for  forge  pig,  or  the  least  carbonated  variety,  6  of  coak 
to  7  of  ore :  the  unburnt  limestone  is  as  4  to  1 1  of  ore. 
This  furnace  with  such  a  (Lilly  charge  produces  40  tons 
•f  metal  per  week. 

A  wood  chi\rco;il  furnace  requires  somewhat  less  lime 
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than  a  coak  furnace:  and  rich  ore  requires  less  than 
poor  ore.  The  rich  Lancashire  ore  of  England  worked 
with  wood  chiu-coal  does  not  require  more  than  one-fif- 
teenth,  or  even  one-tw  entieth  of  limestone :  for  as  the  ore 
abounds  in  metal,  it  contains  a  less  quantity  of  Ciirths  that 
require  to  be  fluxed. 

As  to  the  charges  in  this  counti*}',  w’^here  chiircoal  and 
not  coak  is  used,  they  var}^  considerably,  but  I  do  not  find 
that  the  variation  sufficiently  depends  upon  principle.  I 
have  already  stated  a  common  charge. 

According  to  the  report  of  Mess.  Dangenoux  and 
Wendell  on  the  iron  works  of  Styria  and  Carinthia,  1  Jars 
58,  die  coal  measure  at  Eisenhartz,  is  three  feet  diameter 
at  the  top,  one  and  a  h:Uf  foot  at  the  bottom,  and  two  feet 
deep. 

The  ore  measure  is  26  inches  high,  21  inches  top 
diameter,  and  12  inches  in  the  bottom.  The  charge  is  2 
measures  of  charcoal  to  one  of  ore. 

At  Vordenburg,  the  charge  is  3  measuix?s  of  cliarcoal, 
each  measure  be  ing  30  inches  deep,  by  30  inches  top  di¬ 
ameter,  and  18  inches  bottom  diameter,  to  one  measure 
of  ore,  the  measure  being  18  inches  square  and  17  inches 
deep.  All  this  however,  as  w^cll  as  the  proportion  of  flux, 
is  of  no  consequence  to  the  reader,  and  gives  no  informa- 
tion  unless  he  knew  the  equality  of  the  iron-stone.  In 
many  paits  of  Germany  as  I  find  by  perusing  the  nume¬ 
rous  accounts  given  by  Jars,  they  make  use  of  waacken 
as  a  flux.  What  Mr.  Pott  in  his  Lithogeognosie  meant 
by  waacken,  I  know  not ;  it  is  impossible  not  to  regret 
tliat  a  work  in  other  respects  so  excellent  should  be  ren¬ 
dered  useless  by  the  want  of  an  accurate  mineralogical 
language.  The  present  waacken  of  the  Germans,  is  an 
argillo-siliceous  stone,  consisting  of  nearly  equal  parts  of 
the  2  earths.  Hence  the  ores  to  which  it  is  used,  must 
be  those  wherein  the  particles  of  iron  arc  enveloped  in 
calcareous  or  limestone  earth. 


Iroh^ 


155 


The  toughest  iron  and  that  which  requires  most  fuel,  is 
from  the  siliceous  ores ;  next  to  that  the  argillaceous ;  the 
most  fusible  and  least  tough  iron  is  generally  from  calca¬ 
reous  iron-stones.  All  these  I  apprehend  may  be  quali¬ 
fied  by  a  due  mixture  with  each  other. 

[7^0  be  concluded  in  next  number."] 

The  next  number  will  finish  the  article  Iron  and  also 
Steel,  I  wish  I  could  have  made  the  preceding  papers 
more  popular  and  less  chemical,  but  I  could  not.  The 
time  is  at  hand  when  young  iron  masters  will  find  it  ne¬ 
cessary  to  become  acquainted  with  chemistry ;  to  such, 
the  present  essay  will  furnish  abundant  matter  for  reflec¬ 
tion.  It  is  not  intended  for  the  iron  masters  of  the  pre¬ 
sent  day ;  for  men  of  great  industry,  great  experience, 
and  generally  of  great  wealth  honoiu*ably  acquired.  Such 
men  need  no  instruction,  and  I  am  not  competent  to  give 
it  if  they  did. 

The  other  branches  of  manufacture,  I  shall  treat  in  the 
same  way,  more  or  less  at  length  as  my  materials  induce  me. 

U'ilkesbarre,  March  1  Cf//,  1813. 

Dear  Sir, 

HAVING  observed  by  my  last  number  of  the  Empo¬ 
rium  of  Arts  and  Sciences,  that  you  had  undertaken  the  editorship 
of  that  work,  I  send  inclosed  a  copy  of  manuscript  directions,  in 
my  possession,  by  an  English  manufacturer,  for  making  bleach¬ 
ing  liquor  for  the  use  of  papermakers.  I  have  preferred  giving  you 
f  an  exact  copy  of  it  and  the  draught,  to  making  any  alterations  in 
the  style  or  drawing.  Your  knowledge  of  the  subject  will  enable 
you  to  make  the  necessary  corrections  in  both. 

As  the  method  of  bleaching,  by  means  of  the  oxygenated  muri¬ 
atic  acid  is,  1  believe,  not  known  or  in  use  in  our  paper-mills,  it 
may  be  useful  to  the  profession  here  to  be  informed,  of  the  mod® 
and  process  of  j:onducting  in  Europe  that  part  of  their  business. 

1  should  be  very  happy  to  heai’  from  you  occasionally,  and  am. 
Dear  Sir, 

V cry  respectfully  your  obedient  servant, 

Professor  Cooper,  Carlisle,  JAbP.  CIST 
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Directions  for  making  225  gallons  of  liquor  for  whitening  stuff 

for  fiajiermakvrs, 

\ 

First  put  into  the  still  2 1  gallons  of  salt  brine,  as  strong  as  can 
be  made,  which  may  be  known  by  putting  in  salt  until  some  of  it 
remains  unmeltcd,  then  put  into  a  box  45lbs,  of  the  best  salt,  like¬ 
wise  90lbs.  of  the  best  ground  and  |)owdercd  manganese,  mix 
them  very  well  until  all  appears  as  manganese,  then  put  that  mix¬ 
ture  into  the  still,  put  on  the  head  of  the  still,  first  stirring  or  blend¬ 
ing  it  with  a  shovel  until  it  is  in  motion,  then  have  I26lbs.  of  the 
best  vitriol  in  6  jugs  ready,  put  some  vitriol  into  the  tundish,  first 
putting  in  the  service  pipe  and  luting  it  with  clay  as  you  see  in 
the  plan,  then  let  in  the  vitriol  gradually  until  you  hear  the  jug  on 
the  reservoirs  Wab,  then  stop  the  vitriol,  which  must  be  done  by  « 
small  iron  rod  made  for  that  purpose  to  fit  it,  so  let  in  your  vitriol 
by  degrees  until  all  is  in,  which  must  not  be  less  time  than  four 
hours  at  least,  then  3v0  minutes  after  being  in,  light  the  fire  and 
keep  it  very  moderate  for  10  or  12  hours,  then  you  may  keep  the 
fire  something  stronger  for  the  remainder  of  the  time  until  the 
Operation  is  finished,  which  will  he  24  or  25  horn's  from  the  first 
putting  in  of  the  vitriol,  then  stop  the  ear  pipe  of  the  lid^  and  let 
it  stand  14  hours  at  least  before  you  draw  it  off  for  use. 

N.  B.  When  the  vitriol  is  all  in,  take  out  your  tundish  and 
have  a  ball  of  clay  for  luting  the  place  it  stood  in;  first  of  all,  fill 
your  reservoir  with  clear  water  to  within  7  inches  of  the  top  of 
the  consolidating  lid— .then  put  into  the  reservoir  SOlbs  of  the  best 
hot  lime,  finely  sifted — agitate  the  reservoirs  for  15  minutes, 
then  put  on  your  lid  and  fix  your  bubbling  jug  as  you  sec  in  the 
plan;  let  the  agitator  be  kept  turning  during  the  whole  process, 
especially  when  the  vitriol  is  going  in ;  after  you  draw  off  your 
li(|Uorin  bottles,  what  remains  in  the  reservoir  of  lime  and  licpior 
put  it  in  a  hogshead  and  fill  it  with  water,  stir  it  and  let  it  stand 
until  the  next  work,  by  putting  it  in  the  reservoir  that  you  may 
have  no  loss ;  the  same  is  used  in  what  remains  in  the  still  of  the 
old  lees,  let  it  be  put  in  a  vessel  or  cistern  which  stands  contiguous 
to  the  still,  and  is  also  lined  with  sheet-lead  ;  always  used  it  v/ill  be 
a  saving,  as  it  answ'crs  better  than  the  first  by  keeping  it  up  to  the 
21  gallons  with  brine  as  directed ;  the  saving  is  this,  viz.  that  in¬ 
stead  of  90lbs.  manganese  74ibs.  will  be  sufficient  and  34lbs.  salt 
instead  of  45. 

N.  B.  You  are  to  take  the  greatest  care  not  to  let  any  of  the 
manganese  touch  the  reservoir,  as  the  least  particle  of  it  would 
spoil  the  whole  process. 
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If  you  haye  a  mind  to  make  liquor  for  bleaching  linen  clothf 
let  your  liquor  in  the  reservoir  be  5  or  6  degrees  strong  of  the 
hydrometer  glass  by  pearl  or  potash,  and  the  rest  of  the  process 
AS  before  ;  be  sure  to  wash  the  reservoir  very  clean  from  lime,  and 
be  careful  of  your  luting  for  fear  of  smell ;  the  head  of  the  still 
and  lid  of  the  reservoir  is  luted  with  water  as  you*  see  in  the  plan. 
If  you  make  it  for  linen,  have  the  opinion  of  some  conversant 
in  bleaching;  if  the  glasses  can  be  got,  1  will  write,  the  use  of 
them.  (Seethe  plate.) 

A  The  cap  of  the  still. 

B  The  body  of  ditto,  which,  as  you  see,  stands  7  or  8  inches 
Above  the  surface.  The  cap  is  in  the  form  of  a  hive,  entirely  hol¬ 
low,  with  the  tundishes  solddercd,  as  you  see,  one*  for  the  use  of 
charging  the  still  with  the  vitriol,  and  the  other  takes  off  the  inflam- 
tnable  air,  wliich  is  C,  then  it  enters  the  intermediate  box,  through 
which  it  passes  through  the  pipe  D,  and  enters  the  vessel  by  the 
reservoir,  which  is  E.  The  pipe  stands  about  1 1  or  12  inche« 
above  the  surface,  I  inch  bore,  but  does  not  dip  in  the  reservoir ; 
it  drops  its  strength  in  its  reservoir,  which  the  motion  of  the  wheel 
circulates  the  body ;  the  wheel  or  windlass,  is  the  letter  F,  which 
is  only  the  handle  and  a  boy  continually  turning  it  during  the  whole 
process ;  x\  the  wheel  is  in  this  form,  with  the  arms  the  full 
diameter  of  the  vessel ;  the  intermediate  box,  as  you  see :  the 
pipes  or  tubes  stand  12  inches  at  the  top,  I  mean  from  the  hori¬ 
zontal  of  the  top  of  the  vessel.  The  centrepipc,  w'hich  is  II,  dips  in 
the  water  which  is  in  the  intermediate  box  and  has  two  nostrils 
which  give  air,  although  being  under  water ;  the  intermediate  box 
has  always  4  inches  of  water,  which  is  put  in  every  time  the  silil 
is  charged,  and  has  a  cock  at  the  bottom  to  empty  it  occasionaliy  ; 
there  is  also  the  consolidate  vessel,  which  is  G,  it  scands  about  7 
inches  high,  but  made  fast  to  the  top  of  the  reservoir.  The  con¬ 
solidate  vessel  is  as  thus :  it  has  a  lid,  and  on  the  lid  is  made  fasi 
a  pipe  which  dips  in  the  water  I  inch ;  the  lid  is  taken  off  to  pul 
the  lime-water  in :  also  there  is  anotlier  pipe  v/hich  stands  about 
3  inches  on  the  top,  and  in  that  pipe  fits  a  tube  which  dips  in  the 
pitcher  as  you  see  in  the  draught ;  the  lid  of  the  consolidating  ves¬ 
sel  fits  in  a  cavity  the  same  as  the  cap  of  the  still,  and,  the  cavity  is 
filled  with  water  to  keep  it  staunch  ;  also  there  is  a  cock  at  the  bot¬ 
tom  of  tl>e  reservoir  to  rack  off  the  liquor,  and  another  at  the  bot¬ 
tom  to  cleanse  it  out.  The  letter  K  is  the  vessel  which  the  old  lees 
Hre  tlirown  into  as  before  mentioned.  As  to  the  proportions  of 
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the  vessels  I  shall  be  very  exact— the  depth  of  the  still  is  2  feet 
inches ;  the  diameter  2  feet  3  inches ;  the  cavity  where  the  lid 
•fils  is  1 3  inches  deep ;  the  proportions  of  the  inteiTncdiate  vessel 
«re  16  inches  long,  12  inches  broad,  and  1 1  high  ;  the  reservoir  is 
in  depth  20  inches,  diameter  4  feet  8  inches ;  the  consolidating  ves¬ 
sel  which  dips  in  the  water  is  14  inches  square,  7  inches  high  at 
the  top,  and  the  lid  has  two  handles  to  take  it  off.  When  you 
arc  going  to  put  in  the  lime  water,  the  cap  of  the  still  is  elevated 
by  a  pully,  which  at  the  top  of  D®  you  see  a  hook  made  fast  to  D* 
for  the  same  purpose,  to  put  it  on  and  take  it  off  without  any  far* 
fher  trouble.  The  still  is  laid  in  a  metal  boiler,  and  underneath  the 
still  is  4  inches  of  sand,  but  the  body  is  a  cavity  all  round  to  the 
top  which  is  incl<5scd  with  brick  work  ;  the  whole  apparatus  is  lead. 
N.  B.  The  reservoir  is  also  lined  with  lead,  as  also  the  cistern 
which  the  old  lees  is  tlirown  into.  The  reservoir  is  a  wooden  ves* 
«el,  and,  as  I  said  before,  Ihied  with  sheet  lead.  J.  K. 

REMARKS. 

I  am  obliged  to  Mr.  Cist  for  this  communication,  which  bears  the 
marks,  tho*  rough,  of  practical  experience.  But  the  proportions  of 
the  materials  are  not  accurately  adjusted.  Twenty  one  gallons  of  sa# 
turated  salt  brine  will  not  contain  quite  60lbs.  of  salt,  for  16  ounces 
ora  pint  of  water,  will  not  quite  dissolve  6  ounces  of  salt.  Hence 
the  proportions  here,  are  salt  105lh.  manganese  90lb.  oil  of  vitriol 
1261b.  water  1601b.  But  the  best  proportions  are,  by  weight,  salt 
8  parts,  manganese  3  parts,  oil  of  vitriol  of  commerce  (weighing 
29  1-2  ounces  to  the  wine  pint)  6  parts,  water  12  parts.  So  that 
to  ll2ib.  of  salt,  there  should  have  been  about  50lb.  manganese, 
and  soil),  oil  of  vitriol.  These  arc  the  common  proportions  of  the 
bleachers  in  Manchester.  The  receipt  of  Mr.  Cist’s  correspondent 
is  therefore  wasteful  in  the  dearest  of  the  articles.  If  there  should 
be  a  little  less  oil  of  vitriol,  nothing  is  wasted  but  the  salt,  which,  in 
tlrlft  countr)',  is  of  little  consequence  comparatively. 

'i'hcre  have  been  two  or  three  patents  for  bleaching  paper  in 
England.  I  know'  not  how  they  succeeded.  I  shall  have  occasion 
t(*  detail  what  I  know'  on  the  subject  of  bleaching  generally  in  a 
future  paper.  But  as  the  present  communication  is  entitled  to  an 
insertion,  and  the  subject  is  before  me,  I  shall  give,  for  the  pre¬ 
sent,  the  following  process,  which  I  am  firmly  persuaded  is  of 
much  mo!C  importance  than  any  thing  that  has  hitherto  been  pub¬ 
lished  on  tlic  subject.  It  has  been  already  published  b)  Dr. 
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Mease’s  edition  of  the  Encyclopoedia,a  very  useful  work,  but  con¬ 
taining  much  tiiat  may  tie  thrown  out,  and  wanting  much  that 
might  be  usefully  added.  I  wish  the  Doctor  would  re-edit  tiiat 
book. 

In  the  year  1790,  a  Frenchman  came  to  Manchester  to  propose 
a  new  discovery  in  bleaching.  A  meeting  was  called,  but  the  in¬ 
formation  he  thought  fit  to  give,  was  not  of  consequence  enough  to 
entitle  him  to  attention.  Mr.  Thomas  Hjnry,  (the  Lther  of  Dr. 
W.  Henry,  the  chemist)  myself,  and  Mr.  C.  Taylor,  (afterwards 
secretary  to  the  Adelplii  Society  of  Arts)  agreed  that  this  was 
meant  to  be  Bcrthollet’s  application  of  Schcele’s  discovery  of  tuc 
dcphlogisticated  marine  acid  (oxymuriatic  acid.)  We  set  to  work, 
and  made  a  (|uantity  of  the  acid,  and  bleached  with  it  several  spe¬ 
cimens  of  calico ;  imperfectly,  because  they  required  the  cleans¬ 
ing  of  alkaline  lixivia.  During  our  experiments,  it  occurred  to 
me,  tiiat  as  manganese  was  tlirty,  frequently  impx’.tc,  end  frequent¬ 
ly  given  out  carbonic  acid  when  treated  with  oil  of  vitriol,  and  that 
the  residuum  was  not  convertible  to  any  known  u'’e,  w  e  had  better 
employ  minium  or  red  lead,  which  I  knew'  to  contain  12  or  14  per 
cent  of  pure  air. 

It  succeeded  perfectly  ;  and  the  vitriolated  lead  which  formed 
the  residuum,  might  be  reduced  to  lead  agahi.  Iii  hastily  and 
carefully  combining  the  vapour  of  this  very  pungent  and  unplea¬ 
sant  acid,  by  a  strong  bottle,  well  corked.  It  occurred  to  a  friend  of 
mine,  Mr.  Baker,  a  mdiiufacturcr  of  oil  of  vitriol,  that  the  acid  in 
question  might  be  at  once  made  without  distillation  in  a  vessel  sut- 
ficiently  strong.  He  tried  it  at  home  in  a  strong  decanter,  and  suc¬ 
ceeded.  I  embarked  with  him  in  reducing  tliis  discovciy  to  prac¬ 
tice,  and  until  I  came  to  tills  country,  used  it  with  perfect  success 
on  from  800  to  1200  pieces  of  calico  weekly.  The  process  w’as 
never  publislicd  in  Englaiicl ;  I  gave  it  to  Dr.  Mcak;,  and  nobody 
has  noticed  it.  I  give  it  again,  that  it  may  be  more  extensively 
known. 

The  plate  accompanying  the  paper  commumcated  by  IMr.  Cist, 
contains  also  a  view  of  one  of  the  machines  used  by  Mr.  Baker 
and  myself,  to  make  the  oxymuriatic  acid  in. 

The  method  of  making  this  acid  for  bleaching,  commonly  used  m 
Manchester  and  elsewhere,  is  by  adding  to  3  parts,  by  weight  of 
manganese,  8  parts  of  common  salt  and  6  parts  of  oil  of  vitriol,  and 
12  of  water....These  are  distilled  together,  and  the  products  received 
in  barrels  of  water,  arranged  in  the  manner  of  Wolfe's  appara- 
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tus  by  tubes  communicating  from  the  retort  to  the  first  barrel,  and 
from  the  first  to  a  second.  Sometimes  the  water  is  only  impreg¬ 
nated  with  the  acid,  sometimes  it  is  made  to  saturate  lime  or  pearl 
ash.  This  process  cannot  be  used  with  economy :  the  trouble  and 
cxpence  of  retorts,  and  the  attendance  on  the  fire  renders  it  far 
too  complicated.  It  has  not  yet,  and  never  will  answer  for  goo<ls  in 
general.  Where  particular  patterns  are  suddenly  wanted  for  the 
market  it  may  pay. 

The  writer  of  this  article  attended  for  three  years  continually 
to  the  bleacliing  of  cotton  goods  of  various  kinds,  to  the  amount  of 
800  pieces  of  callico  per  week,  on  the  average  of  the  year,  by  the 
following  process.  The  goods  underwent  three  bookings,  as  de¬ 
scribed  before  in  “this  article,  and  two  acid  baths.  The  third  was 
the  oxygenated  muriatic  acid  made  as  follows.  In  a  building  of 
one  room  on  a  bank  and  another  over  it,  were  placed  on  substantial 
frames  or  tressels,  five  wooden  cylindrical  machines  four  feet  diam¬ 
eter  by  five  feet  long,  the  staves  two  and  an  half  inches  thick  and 
well  dovetailed.  Into  each  of  these,  twice  a  day,  through  a  funnel 
inserted  in  a  two  inch  augur  hole  and  let  through  the  floor  of  the 
upper  room  was  poured  75 lb.  of  salt  and  25 lb.  of  red  lead.  To  this 
w  as  added  40lb.  of  oil  of  vitriol,  weighing  twenty-nine  and  a  half 
ounces  to  the  w  ine  pint. 

The  machine  was  then  filled  with  water,  the  augur  hole  stop! 
with  a  plug  and  rag,  and  then  turned  round  20  or  30  times,  and  in 

15  minutes  the  acid  was  made . The  vitriolic  acid  acts  on  the  salt, 

and  the  marine  acid  thus  produced  acts  on  the  red  lead,  which  in  a  few 
minutes  is  deprived  of  its  oxygen,  and  converted  into  vitriol  of  lead. 
The  handle  of  each  machine  was  fixed  on  the  centre  of  one  of  the 

ends  with  two  cross-bars . The  acid  when  made  was  let  off  on  the 

pieces  placed  in  covered  wooden  vessels  in  a  room  adjoining  and 
below*.  It  frequently  occasioned  a  spitting  of  blood  among  the  work¬ 
men  who  took  out  the  pieces,  but  was  never  attended  with  any 
further  deleterious  effects  ;  laudanum  relieved  the  short  phthisicky 
rough.  One  of  these  vessels  full  was  allowed  to  60  muslincts» 
^o  lead  remained  in  the  liquor,  for  vitriol  of  lead  is  insoluble. 

This  process  may  be  imitated  in  a  small  way,  by  pouring  into  » 
strong  vial  with  a  glass  stopper,  about  an  ounce  of  spirits  of  salt  on 
a  tea-spoonful  of  red-lead  ;  stop  the  vial,  heat  is  generated,  the  lead 
turns  white  and  a  very  strong  oxygenated  acid  is  produced  in  a  mi¬ 
nute’s  time.  But  this  acid  will  contain  a  little  lead,  while  the  acid 
made  with  vitriol  and  salt  contains  scarcely  any.  This  acid  has 
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lately  been  recommended  by  Guyton  Alorveau,  as  an  effectual  de¬ 
stroyer  of  putrid  exhalation.] 

It  is  obvious,  that  after  the  pulp  of  coloured  rags  is  well  cleansed 
from  impurities,  and  washed  well,  and  the  water  let  off,  this  liquor 
can  be  conveyed  upon  it,  in  a  covered  wooden  cistern.  The  pulp 
must  be  stirred  once  or  twice  by  means  of  a  long  wooden  rake,  and 
a  hole  made  for  the  purpose  in  the  cover.  It  should  thus  remain 
12  hours ;  and  then  be  well  washed  to  carry  off  all  the  acid. 

The  effect  of  this  acid  may  be  tried  thus:  into  a  strong  six 
ounce  vial,  put  a  tea-spoonful  of  red  lead,  and  2  tea-spoonfulls  of 
spirits  of  salt,  mixed  with  as  much  water — put  a  piece  of  printed 
calico  inside  the  vial,  and  close  it  in,  by  means  of  the  cork — shake 
the  vial  to  make  the  ingredients  mix,  and  in  a  quarter  of  an  hour 
the  colours  will  be  discharged  by  the  vapour,  or  nearly  so.  T.  C. 

FOREIGN  COMMERCE. 

THE  following  essay  in  substance  and  nearly  in  form  was  first 
pulished  in  the  Northumberland  and  Sunbury  Gazette,  in  June, 
1799 ;  a  second  edition  in  1800.  The  facts  therefore  are  confined 
to  that  period.  I  republish  it  now,  in  conformity  to  my  promise 
at  the  beginning  of  this  number,  because  I  am  persuaded  that  all 
the  leading  principles  of  this  paper  arc  sound ;  and  because  it  is 
high  time  to  bring  the  commercial  system  into  full  discussion. 
If  we  arc  to  adopt  it,  let  us  understand  it  first. 

The  measi^res  ncccssan*  for  defence,  have  also  altered  my 
opinion  as  to  the  propriety  of  introducing  home -manufacture,  and 
establishing  anteivy.  If  any  reliance  could  be  placed  on  the  poli¬ 
tical  integrity  of  Great  Britain,  I  would  not  put  pen  to  paper  to¬ 
ward  the  introduction  of  Manufactures.  We  should  be  prosper¬ 
ous  and  happy  enough  as  an  agricultural  countr)' ;  but  I  fear  no 
such  reliance  is  to  be  placed  on  any  government  swayed  by  the 
principles  of  mercantile  policy,  whether  there  or  here.  In  this 
opinion,  I  am  not  singular. 

I  consider  it  as  against  the  interest  of  a  coimtrv^,  to  give  parti¬ 
cular  encouragement  to  any  employment  of  capital  whatever ;  not 
even  to  agricultural  investments.  The  calculating  foresight  of 
individuals,  actuated  and  guided  by  the  light  of  interest,  will  dis- 
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cover  much  more  surely  than  any  goverriment  can,  how  and  where 
capital  and  labour  can  be  employed  to  the  most  profit ;  and  1 
regard  the  aggregate  of  the  wealth  of  the  citizens,  to  be  synony¬ 
mous,  with  the  wealth  of  the  nation,  it  can  seldom  be  wise  for  the 
administrators  of  national  concerns  to  interfere  in  this  respect, 
either  by  encouragement  or  prohibition.  Tor  many  still  stronger 
reasons.  Commerce,  ever  clamorous  for  protection,  is  never  worth 
protecting.  In  proportion  as  any  employment  of  capital  calls  for 
national  assistance  and  protection,  it  deserves  none.  The  very  de¬ 
mand  itself,  amounts  to  ccmonsti  alive  evidence  that  the  invest¬ 
ment  is  injudicious,  and  ought  to  be  abandoned.  But  of  all  em¬ 
ployments  of  capital,  that  which  calls  for  navies  to  guard  it,  and 
hourly  jeopardizes  the  peace  of  the  nation,  deserves  the  least. 

\Vc  are  now  unfortunately  reduced  to  such  a  situation,  that  a 
navy  for  the  defence  of  our  coast,  and  a  standing  army  for  tlie 
defence  of  our  frontier,  seem  permanently  necessary  :  for  it  will  he 
madness,  after  tnc  experience  of  the  revolutionary  war  aiKl  the 
present  war,  to  trust  to  raw'  undisclpiinea  militia,  suddenly  called 
from  the  plowshare  to  the  bayonet. 

Tor  this  state  of  things,  we  are  indebted  to  the  commercial 
SYSTEM  ;  oi  which  every  hour  and  every  event  that  passes,  evin¬ 
ces  to  me  tne  danger  and  tiie  cost.  Wliat  is  the  origin  of  the 
present  war  in  wnicii  we  are  involved  ?  First,  Great  Biitain,  in  April 
1806,  by  the  paper  blockade  of  the  Ems  and  the  Weser  ;  and 
again  hi  May  1806,  by  a  similar  blockade  from  the  Elbe  to 
Brest;  then  France,  in  retaliation,  by  the  Berlin  decree  of  No¬ 
vember  1806;  then  Great  Britain  by  her  orders  in  council  of 

March  and  November  1807  ;  then  France  by  the  Milan  decree  of 

•  « 

December  1807  ;  tnen  Great  Britain  by  her  blockade  of  Cartha- 
gena ;  and  then  France  by  her  decree  of  Bayonne,  depredated  on 
our  commerce,  under  principles  of  blockade,  perfectly  new  to  the 
law' of  nations.  Not  satisfied  with  these  acts  of  injustice,  the  tw’o 
belligerents  played  into  each  others  hands,  by  means  of  the  licenae 
traclfyio  annihilate  the  commerce  of  America,  and  allowed  to  each 
other,  being  mutually  at  war,  tiiat  very  commerce  they  refused  to 
us,  with  whom  they  w  ere  at  peace.  Doubtless  neither  on  the  one 
side  or  the  other  ol  the  powers  at  w  ar,  can  this  conduct  be  defend¬ 
ed  :  but  our  course  certainly  was,  to  let  our  merchants  know,  that 
if  it  was  worth  their  while  to  engage  in  a  traffic  liable  to  so  many 
interruptions,  they  might ;  if  not,  tliey  might  let  it  alone  ;  and  the 
people  at  home  must  be  content  to  dispense  witli  luxuries,  inti  o- 
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duced  under  so  many  difficulties  and  and  danpjers.  Most  assuredly 
such  a  ti*ade  was  not  worth  protecting  at  the  vxfience  of  a  war. 

Meantime,  our  merchants  encouraged  without  scruple  the  em¬ 
ployment  ol*  Hritish  seamen  on  hoard  their  ships,  and  carried  on 
tiieir  commerce  to  a  very  great  extent  hy  means  of  IJritish  subjects. 
Tiie  trade  of  false  protections,  and  the  disgraceful  practices  ac- 
companvdng  it,  was  undisguised  and  notorious,  in  our  seapoits ; 
and  formed  a  worthy  counterpart  to  the  forgeries  of  American  do¬ 
cuments  openly  sold  at  London.  Great  Britain,  Uiider  pretence 
of  searching  for  her  own  subjects,  impressed  Americiui  seamen 
also,  whenever  it  suited  the  interest  or  inclination  of  the  naval  com¬ 
manders.  Thus  it  was:  Iliacos  intra  inurosy  fieccatur  ct  extra. 
This  is  manifestly  a  mercantile  M'ar  in  all  hands.  Every  cause 
and  reason  assigned,  every  paper  and  manifesto  published,  is  of 
a  commercial  complexion  ;  and  all  the  difficulties  tliat  at  this  mo¬ 
ment  stand  in  the  way  of  settling  it,  arise  as  much  from  the  conduct 
of  our  merchants  at  home,  as  of  the  British  abroad.  It  is  the  mer¬ 
cantile  interest  and  the  commercial  system,  in  both  countries,  that 
have  tempted  and  driven  their  respective  governments  into  this 
War. 

The  British  in,  my  opinion,  had  a  right  to  prohibit  the  non- 
accustomed  trade :  they  had  a  right  to  complain  that  our  mer¬ 
chants  navigated  with  their  seamen,  whom  they  wanted  for  nation¬ 
al  defence.  We  also  have  great  right  to  complain,  that  the  Bri¬ 
tish  commanders  impressed  our  seamen  as  well  as  their  own  j 
adding  to  a  careless,  disregard  of  justice,  the  irritating  insolence 
of  office.  But  it  is  an  obvious  reply  on  their  side,  that  to  the  un¬ 
avoidable  difficulty  of  distinguishing  between  the  two  nations,  our 
own  conduct  has  superadded  new  ones,  that  might  and  ought  to 
have  been  avoided.  Before  we  claimed  justice  wc  should  have 
done  it ;  and  prohibited  our  merchants  from  the  employment  of 
British  seamen,  *ere  we  w  ent  to  war  in  claim  of  our  own.  I  see 
many  obstacles  to  the  adjustment  of  this  unpleasant  system  in  the 
first  instance,  and  still  more  as  to  its  pemianence. 

I  say  nothing  of  the  right  of  exfiatriation.  I  hope  the  question 
will  not  be  buithencd  with  this  discussion.  Certainly  it  is  not  the 
law  in  any  country  of  Eumpe  that  I  know  of.  In  this  country,  the 
question  came  under  review  in  Talbot  v.  Jansc?iy  Murray  v.  the 
Charming  Detay^  and  M^Ilvaine  v.  Cox  ;  but  it  has  received  no 
decision  except  that  of  Chief  Justice  Elsworth,  in  the  case  of  Capt. 
Isaac  Williams,  which  completely  negatives  the  right.  I  think 
this  right  may  be  well  clcfcndctl  on  general  principles ;  nor  need 
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any  good  government  be  afi'aid  to  admit  it,  subject  to  some  reason¬ 
able  modifications  in  the  exercise.  Nor  ought  the  slavish  doctrines 
of  Story’s  case  and  Calvin’s  case,  to  settle  the  law  of  the  present  day. 
But  as  the  law  now  stands  with  wtf,  how  can  we  obtrude  the  question  ? 

For  all  these  difliculties,  we  may  thank  the  commercial  system. 
This  war  may  continue  a  dozen  years  for  aught  we  know  ;  and  it  is 
more  than  probable  that  our  seaports  will  be  bombarded.  Is  the 
commercial  system  worth  this?  will  it  remunerate  us?  It  is* now 
clear,  that  a  navy,  and  a  standing  army,  will  both  become  perma¬ 
nently  necessary ;  and  I  shall  not  be  sorry  to  see  the  one  and  the 
other  extended  far  enough  for  home  defence,  and  no  further.  But 
the  navy  will  not  stop  here  ;  the  mercantile  interest,  will  urge  with 
incessant  perse vemnee,  its  increase,  for  defence,  not  of  our  sea  coast 
at  home,  but  of  their  vessels  abroad :  and  then  keep  clear  of  wars  if 
you  can.  At  what  cxpence  their  ships  are  defended  they  care  1104 
They  look  to  their  own  interest,  and  leave  other  people  to  do  the 
same  :  and  who  can  blame  them  ? 

The  following  is  the  first  of  a  scries  of  papers  that  I  will  occa¬ 
sionally  dedicate  to  this  most  interesting  subject,  in  which  I  shall 
insert  such  views  of  the  question,  as  have  occurred  to  me,  since  the 
following  Essay  was  written.  T.  C. 


Commercial  Licences  granted  by  the  lingiish  Government. 


In  1802 

68 

In  1807 

2606 

1803 

836 

1808 

4910 

1804 

1,141 

1809 

15,226 

1805 

791 

1810 

18,356 

1806 

1,620 

1811 

7,602 

POLITICAL  ARITHMETIC. 

The  comparative  value  of  the  Agricultural  and  Commercial 
systems,  begins  now  to  be  somewhat  understood  in  Europe,  among 
those  who  have  turned  their  attention  to  political  economy.  But  I 
suspect  it  is  anew  subject  here.  It  is  a  very  important  one  eveiy 
where;  and  I  sincerely  hope,  we  shall  endeavour  to  profit  in  this 
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country,  by  European  experience.  It  is  unpossible  to  enter  fully  into 
tlie  discussion  within  the  bounds  of  a  newspaper  Essay ;  nor  can 
the  back  country  supply  the  necessai7  materials  for  it ;  but  imper¬ 
fect  as  this  will  be,  I  am  fully  satisfied  tliat  there  is  a  class  of  read¬ 
ers,  whose  approbation  I  shall  be  proud  of,  who  u  ill  peruse  it  with 
attention,  and  regard  it  with  indulgence. 

It  seems  determined  in  that  we  shall  be  a  coTnnicrcial 

country.  Our  navy,  our  army  our  loans,  our  increased  taxes 
have  arisen  from  our  Commerce.  This  is  cried  upas  the  grand 
source  of  national  wealth,  and  power,  and  prosperity.  1,  on  the 
contrary,  am  firmly  persuaded  that  until  liie  home  territory  of  a 
country  be  w’^ell  cultivated  and  peopled — until  manufactures  found¬ 
ed  on  population,  arc  in  a  state  to  require  other  markets  to  be 
sought,  foreign  commerce  is  a  losing  concern  ;  an  appropriation  of 
capital,  seldom  expedient,  frc(|uently  detrimental  ;  that  it  has  prov¬ 
ed  so,  v/hcrever  agriculture  has  been  thrown  into  the  liack  ground 
to  advance  the  commercial  system  ;  that  to  aiford  it  support  by  pro¬ 
hibitions  and  bounties,  or  protection  by  engaging  in  wars  on  account 
of  it,  or  manning  navies  for  its  defence,  is  equally  unw  ise  and  un¬ 
just  ;  that  if  it  cannot  be  carried  on  without  the  fostering  aid  of  go¬ 
vernment,  it  ought  like  every  ether  losing  scheme  to  he  left  to  its 
ow  n  fate,  w  ithout  taxing  tlic  rest  of  the  community  and  tlieir  poste¬ 
rity  for  its  support.  That  foreign  commerce  is  umiccessary  as  an 
Investment  of  surplus  weaUh  in  this  country,  where  tliere  is  so 
much  land  calling  aloud  for  cultivation  and  capital,  and  so  deploi'a- 
bly  managed  for  want  of  these ;  that  ail  the  usual  motives  to  fo¬ 
reign  commerce,  greatly  fail  in  this  country,  v/hich  comprizing 
every  climate,  may  be  made  to  supply  every  variety  of  produce 
from  its  ow  n  industry. 

1st.  Of  the  meaning  of  Commerce.  The  barter  or  exchange 
of  commodities  between  diffcrenl  persons  is  Commerce.  If  it  be 
confined  to  the  citizens  of  any  country  amofjg  themselves,  it  is  caii- 
t'd  internal  commerce^  or  the  home  trade  ;  if  bctv/ccn  the  citizens 
of  one  country  and  those  of  another,  it  is  external  commercc^ov  fo¬ 
reign  trade ;  if  by  means  of  the  citizens  of  one  country  bartering 
abroad  the  produce  or  manufactures  not  of  their  ow  n,  but  of  olhcj’ 
countries,  it  is  the  carrying  trade. 

2dly.  Cajiital  emfiloyed  in  the  home  rRADK^is  more  benficial 
to  the  country  than  cafiital  emfiloyed  in  the  foreign  ^Trade,  or 
the  carrying  trade.  Suppose  a  merchant  of  New  Orleans  pur¬ 
chases  S  1^00  worth  of  pork  and  whiskey  from  a  Kentucky  farmer, 
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and  sells  it  to  a  Lcuisiana  sugar  planter  for  1200  dollars  worth  of 
sugar,  and  exchanges  that  sugar  for  1400  dollars  worth  of  cotton 
aiid  woollen  manufactured  at  Rhode  Island — here  is  a  spur  giv¬ 
en,  a  stimulus  to  the  industry  of  our  own  citizens  in  Kentucky,  in 
Lou’siana,  and  in  Rl'.ode  Island,  to  the  amount  not  of  the  mer¬ 
chant’s  gain  u}>on  his  thousand  dollars  merely,  but  to  the  'whole  a- 
mount  of  tlic  thousand  dollars,  all  of  which  circulates,  becomes  in¬ 
vested  and  productive  again  at  home  ;  and  three  at  least  ol  our  citi¬ 
zens  are  gainers  by  each  other  in  the  first  instance.  This  is  ir.ter- 
nal  commerce  or  the  home  trade. 

If  a  merchant  of  New  Orleans,  sends  1000  dollars  worth  of  pork 
lUid  whiskey  to  the  Havanna  and  brings  home  8 1000  woit’n  cf  cigars, 
his  capital  is  employed  as  much  for  the  encouragement  of  Spai.ish 
as  of  American  industry  ;  such  a  man  is  just  as  valuable  to  the  Spa¬ 
nish  colonies  as  the  American  states,  excepting  so  far  as  he  expends 
his  gains  in  the  latter  country.  In  the  case  now  put,  he  is  usefully, 
but  not  so  usefully  employed  to  this  country,  as  in  tlie  former. 

Suppose  an  American  merchant  employed  in  carrying  produce 
of  one  of  the  French  colonies  to  Great  Britain,  for  which  he  re¬ 
ceives  in  return  cotton  goods  of  Manchester.  Such  a  merchant 
may  reside  in  Philadelphia,  and  spend  part  of  his  gains  there,  but 
he  is  the  agent  of  France  and  Great  Britain  ;  the  capital  eniployed 
to  load  his  vessel  stimulates  the  industry  of  the  French  planter 
and  the  Englisli  weaver;  and  it  is  accidental  only,  if  the  vessel 
itself  that  cams  the  freight,  be  America!!.  Tlie  wages  paid  to  the  sai¬ 
lors,  arc  expended  abmad,  and  add  to  the  w  ealth  of  otiier  countries. 
This  may  be  gainful  to  the  merchant  in  times  when  freight  is 
high,  but  the  gain  to  the  country  he  lives  in,  consists  only  in  that 
part  of  his  income  tliat  he  spends  there  :  and  even  that  comes  out 
of  the  pockets  of  home  consumers.  For  if  Mr.  America  pur¬ 
chases  the  coffee  of  Mons.  St.  Domingo,  and  then  invests  it  in  the 
sheiry  of  Signor  Spain,  it  is  clear  that  he  gives  encouiagemeiit 
to  St.  Domingo  and  Spain :  and  if  the  w  ine  of  Spain  be  brought  to 
America,  he  gains  ultimately  at  the  expense  of  the  Americans 
alone.  These  objections  do  not  apply  to  a  coasting  trade,  where 
the  carriers  are  employed  by  the  home  producers. 

Hence,  in  the  home  trade,  or  internal  commerce,  the  capital 
and  the  profit  are  both  gain  to  the  nation  ;  they  are  both  expended 
in  stimulating  and  rewarding  home  industry  ;  in  promoting  perma¬ 
nent  and  productive  improvements  at  home.  * 

In  tlie  foreign  trade  of  exchange,  the  capital  employed,  is  equal¬ 
ly  bcrtcficial  to  the  countiy  where  the  mcrcluuU  lives,  and  the 
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country  to  which  he  trades.  His  own  country  reaps  the  advan¬ 
tage  of  whatever  he  expends  there  of  the  income  he  acquires. 

In  the  carrying  trade,  the  merchant  belongs  to  foreign  coun¬ 
tries  ;  his  own  countiy  is  no  fuilher  bcnefilted  by  his  industry, 
than  the  expenditure  he  makes  in  it,  of  pari  of  tiiose  gains,  winch 
the  home  consumer  enables  him  to  acquire. 

3dly,  The  cafiital  emliloyed  in  the  home  trade^  circulates  twice 
or  thrice^  while  a  cafiital  emfiloyed  in  the  for  i^n  trade  circulates 
but  once.  Rjflect  upon  the  travels,  if  I  mxy  so  call  them,  of  a 
capital  employed  at  home.  1st,  It  goes  from  the  home  merchant 
to  the  home  producer ;  the  farmer  or  manufacturer.  2clly,  It  is 
paid  over  with  profit  to  the  home  merchant  by  the  home  consumer, 
and  the  circulation  begins  anew. 

In  the  foreign  trade,  the  capital  goes,  1st,  into  the  hands  of  the 
home  producer,  and  thus  far  stimulates  industry  at  home.  2dly, 
It  is  intrusted  in  the  form  of  produce  to  the  captain  or  supercargo, 
who,  3dly,  delivers  it  to  the  foreign  merchant,  who,  of  course,  de¬ 
mands  a  credit,  equivalent  to  the  time  necessary  for  the  return  of 
his  own  capital  into  his  hands  in  his  own  countr)\  4thly,  The 
foreign  merchant,  for  this  purpose,  entrusts  it  to  the  foreign  pur¬ 
chaser  or  consumer;  wlio, after  some  time,  returns  it,  5thly,  into 
the  hands  of  the  foreign  merchant ;  who  again,  6thly,  invests  it 
with  the  foreign  producer,  the  fanner  or  producer  of  his  ow*n 
country.  7tnly,  The  foreign  produce  thus  purchased,  is  entrust- 
r<l,  on  board  the  ship ;  wliencc,  8 tidy,  it  gets  into  the  hands  of 
the  home  merchant  ;  who  sells  it,  9t!dy,  to  the  consumer ;  who, 
lOthly,  after  usual  credit,  returns  it  again  in  the  last  place  to  the 
home  merchant. 

Adam  Smith,  nerensciiwurv:i,  and  La  Riviere,  all  agreeing  in 
the  general  course,  vary  somewhat  in  their  view  of  it,  from  tiiat 
now  given.  But  from  every  view  taken  of  it,  we  may  fairly  con¬ 
clude,  that  the  same  capital  puts  in  force  2  or  3  times  the  industry 
at  iiome  when  employeil  in  tiie  home  trade,  that  it  does  when  em¬ 
ployed  in  the  foreign  tradi!. 

4thly.  C om/iarative  imfiortance  of  the  foreign  trade  and  home, 
tra  lein  fioint  of  amount.  The  country  of  all  others  most  engaged 
in  foreign  ’trade,  and  generally  citctl  as  an  example  of  riches  and 
prosperity  derived  from  this  source,  is  Great  Britain.  Let  us  see 
what  her  foi*eign  trade  amoiUits  to,  compared  with  her  internal  com¬ 
merce. 

The  war  with  France  has  now  continued  seven  years.  It  be- 
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^an  in  1793.  In  estimating  the  value  of  the  foreign  trade  of 
Great  Britain,  and  taking  the  amount  of  exports  as  the  exponent 
of  it,  I  shall  confine  myself  to  the  year  preceding  the  war.  ■  Be¬ 
cause,  the  first  year  of  the  war  evidently  sank  the  amount  near 
five  millions  sterling  below  the  natural  progressive  standard ;  be¬ 
cause,  in  time  of  war,  there  is  no  steady  march  of  foreign  trade ; 
the  exports  involve  much  of  hazardous  speculation.  Because  the 
custom-house  entries  are  swelled  by  the  amount  of  exports,  con¬ 
sisting  of  articles  consumed  in  the  war  itself,  and  purchased  by 
government  for  the  use  of  annies  and  navies ;  and  these  entries 
are  gravely  brought  forward  as  evidences  of  the  great  increase  of 
trade  and  national  prosperity  ! 

I  know  the  objections  to  the  accuracy  of  custom-house  entries, 
and  their  official  compared  to  their  real  value  ;  but  they  are  the  best 
evidence  w’e  have ;  and  an  error  of  two  or  three  millions,  will  make 
no  dilTcrcnce  in  the  present  reasoning. 

I  my  theUy  that  the  j^rosn  amount  of  the  exfiorts  of  Great 
Tlritain  firevious  to  the  year  1794,  •a)hcn  the  nation  was  fully  em» 
barked  in  the  war,  never  reached  25  millions  sterling. 

-r*  Gross  ajnount  Balance  J^'ett  ciistoms  liaid 

I  COT  * 

of  export,  of  trade,  into  the  exchequer. 

1792  24,905,200  5,776,618  4,027,230  Upon  export 

1793  20,390,180  1  542,154  3,978,645  3  and  import. 

I  state  it  also,  as  a  calculation  well  known  and  generally  receiv¬ 
ed  in  that  country,  that  a  merchant’s  and  manufacturer’s  clear 
profit  is  12  1-2  per  cent  on  his  capital,  which,  on  25  millions,  w  ill 
be  3,125,000/.  This  is  paid  by  the  foreign  consumer,  and  the 
nation  gains  it.  The  trade  of  Ireland  that  year  may  be  calculated 
at  3  1-2  millions,  on  which  the  gain  will  be  437,500/.  So  that  in 
the  most  prosperous  year  of  peace,  the  clear  profit  on  the  whole 
foreign  commerce  of  Great  Britain  and  Ireland, can  hardly  be  taken 
nt  more  than  3  1-2  millions  sterling! 

Let  us  now  see  what  is  the  oraount  of  the  home  trade,  or  internal 
commerce ;  this  consists  of  the  amount  of  agricultural  produce, 
and  tlie  amount  of  mar.ufacturing  produce  :  including  w  oods,  mine¬ 
rals  and  fisheries. 

It  appears  from  the  first  report  of  the  select  committee  on  the 
waste  lands,  ordered  to  be  printed  December  23,  1795,  that  there 
are  in  Great  Britain  73,285,628  acres,  of  which  51,178,627  are 
cultivated,  and  22,107,000  arc  uncultivated.  The  cultivated  lands 
of  Great  Britain  produce  a  wheat  crop  of  cciUainly  not  less  than 
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18  bushels  an  acre :  Arthur  Young,  a  competent  judge,  states  it 
at  24  for  England.  Wheat,  however,  does  not,  or  ought  not,  to 
occupy  more  than  one  year  in  four ;  the  others  being  appropriated 
to  potatoes,  rye,  barley,  oats,  beans,  peas,  turnips,  cabbages, 
carrots,  or  grasses.  If  the  average  crop  therefore  be  taken  at  10 
bushels,  it  will  be  somewhat  below  the  amount.  The  average 
price  of  wheat  for  December,  1792,  according  to  Young’s  annals 
of  agriculture,  was  6«.  Id.  This  will  make  the  average  produce 
of  the  agriculture  of  the  kingdom  SI.  sterling  per  acre ;  a  calcula¬ 
tion  sufficiently  low,  when  it  is  considered,  that  this  produce  must 
maintain  the  farmer  and  his  family,  his  labourers,  his  horses :  it 
must  pay  the  rent  of  the  land,  the  tythe,  the  parliamentary  taxes, 
and  the  p>oor  tax.  At  tliis  rate  the  gross  amount  of  the  annual 
agricultural  produce  of  Great  Britain,  is  150  millions  sterling:  ex¬ 
clusive  of  mines,  fisheries,  and  woods.  As  the  import  of  grain  is 
very  great,  the  whole  of  this  amount  belongs  to  home  consumption. 

The  calculations  of  the  statists  of  that  country,  are,  that  the 
manufacturers  and  mechanics  equal  in  number  the  labourers  in 
agriculture.  It  is  not  therefore  too  much  to  assign  to  the  manu¬ 
facturing  and  mechanic  labour  for  the  home  trade  of  Great  Britain, 
one  third  part  of  the  agricultural  value,  or  50  millions. 

Great  Britain  contains  1 1  millions  of  people,  Ireland  more  than 
three.  If  the  internal  trade  of  Ireland  be  taken  at  one  tenth  of 
Great  Britain,  then  will  the  annual  circulating  wealth  of  the  inter¬ 
nal  commerce  of  the  British  empire,  be  not  less  than  220  millions 
sterling. 

This  subject  may  be  otherwise  considered.  The  actual  expen¬ 
diture  of  the  rich  and  poor  taken  on  average  of  Great  Britain,  can¬ 
not  be  less  than  one  shilling  sterling  per  head  per  day,  for  food, 
fuel,  furniture,  and  clothing.  It  is  pix)bably  much  more.  But  1 1 
millions  of  people  at  1.9.  st.  per  head  per  day,  will  amount  to  200 
millions  and  3-4  :  a  coincidence  of  calculation,  that  gives  weight  to 
the  principles  on  which  it  is  founded. 

If  the  gross  amount  of  the  foreign  trade  of  Great  Britain  then  be 
25  millions,  at  the  same  time  when  the  gross  amount  of  the  home 
trade  is  200  millions,  who  can  be  mad  enough  to  attribute  the 
power  and  prosperity  of  ti'.at  Kingdom  to  the  foreign  trade  ? 

Again.  The  taxes  of  that  country  must  be  bore  partly  by 
the  forcign,*partly  by  the  home  trade.  Last  year  (1798)  the  mi¬ 
nister  demanded  supplies  to  the  amount  of  35  millions :  the  gross 
receipt  of  the  customs  was  5  1  -2  millions  including  export  and  im- 
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port.  What  capital  was  it  that  bore  the  rest  ?  But  in  fact,  tht> 
.  foreign  ti’ade  bore  but  about  one  half  of  this  5  1-2  millions,  for  it  is 
the  home  consumer,  not  the  foreign  consumer,  that  pays  tlie  tax  on 
import:  that  tax,  is  abuithen  not  on  the  foreign,  but  on  the  home 
trade.  Of  the  35  millions  required  therefore,  the  foreign  trade  of 
Oi’cat  Britain  did  not  supply  three. 

So  in  1800,  the  Custom  house  produced  about  six  and  three- 
iburths  millions.  But  the  interest  of  the  debt  that  year  was 
.A  20,186,507  and  tlie  demands  of  supply  for  the  army,  the  navy, 
the  ordnance,  the  civil  list,  the  miscellaneous  services,  the  interest 
of  the  loan.  See.  as  much  more.  But  if  the  foreign  trade  can  fur¬ 
nish  as  in  this  case,  but  a  sixth  part  of  the  supplies  required,  where 
does  the  rest  Come  from  ?  Is  theixi  any  other  source  but  the  inter¬ 
nal  commerce  of  agricultural  and  manufactured  produce?  Take 
any  year  of  the  last  half  centuiy,  and  you  will  find,  that  the  foreign 
trade  has  borne  but  a  very  small  part  of  the  national  burthens. 

Where  then  is  the  great  source  of  wealth,  of  that  powerful  and 
wealthy  country  ?  It  is  in  her  spirited  agriculture  :  in  100  millions  st. 
of  fanning -capital,  pennanently  laid  out  in  buildings,  in  fences, 
in  roads,  in  canals,  in  machines.  In  50  millions  more  annually  ex¬ 
pended  in  manures,  in  repairs,  in  exuberant  cultivation.  Here  is 
the  secret  of  24  bushels  in  England,  16  in  France,  and  10  in  thk 
country.  And  so  in  her  manufactures ;  the  intense  activity  and 
energy,  which  the  high  price  of  living  requires  from  every  body 
in  England  ;  the  wonderful  skill  acejuired  by  the  division  of  labour ; 
the  great  superiority  of  task  work  over  day  labour ;  and  the  im¬ 
mense  capital  under  the  direction  of  profound  knowledge  in  the 
,  manufacturing  macliinery  of  that  country,  enable  her  inhabitants 
to  bear  the  enormous  expence  of  her  government. 

In  France  under  the  old  Regime,  if  a  man  posscst  5000  louis, 
he  bought  a  marquisate  :  in  England  a  young  nmn  w  ith  5000  gui¬ 
neas  would  enter  as  the  junior  partner  of  some  house  of  repute. 
In  France,  a  tradesman  scorned  to  work  for  the  Canaille,  if  he  could 
help  it :  in  England  every  tradesman  consults  the  taste  of  the  great 
mass  of  customers,  the  middle  and  the  lower  classes  of  society.  In 
France,  accumulated  capital  was  spent;  in  England  it  is  employed 
for  the  most  part  in  begetting  capital.  In  France,  trade  is  disrepu¬ 
table  ;  in  England,  all  kinds  of  industry,  are  compatible  with  Ur 
acquirements  of  a  scholar,  and  the  polish  of  a  gentleman. 

By  the  report  on  the  waste  lands,  22  millions  of  acres  appear  to 
be  uncultivated :  of  which  upwai'ds  of  20  millions  admit  of  cultiva- 
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rion.  Suppose  being;  cultivated,  the  produce  per  acre  might  be 
5s.  sterling.  Then  would  the  waste  lands  of  that  kingdom  become 
a  source  of  wealth  to  the  nation  beyond  the  profit  of  the  whole  fo¬ 
reign  trade. 

Next  to  Gre?.t  Britain,  France  of  all  the  great  European  powers 
has  the  largest  proportion  of  foreign  trade.  France  contains  131,- 
722,71 1  acres:  that  is  130  millions  of  acres  exclusive  of  roads,  &c. 
The  pi'oportion  of  produce  betw'een  England  and  France  per  acre 
is  as  24  to  1 6.  From  the  data  furnished  by  A.  Young  in  his  tour  to 
France,  v.  1  p.  282,  341,  et  seq.  I  calculate  the  gross  amount  of  lie 
produce  of  lands  in  Fraiice  at  30s.  sterling  per  acre,  or  200  md- 
lions;  and  as  the  manufactures  of  that  country  are  greatly  less  va¬ 
luable  than  those  of  England,  I  should  not  rate  tiie  whole  amount 
of  the  homoti’ade  of  that  kingdom  beyond  225  millions,  (1702-3). 
There  is  no  getting  at  accuracy  in  these  mattei’s  ;  especially  situa¬ 
ted  as  I  am  ;  but  luckily,  the  principles  in  question,  do  not  need 
any  thing  more  than  a  reasonable  approximation  to  truth. 

I  have  no  modem  facts  as  to  the  Commerce  of  France.  M.  Ar- 
nould  in  his  Balance  du  Commerce,  states  the  average  exports  of 
France  from  1784  to  1788,  at  354,423,000  livres ;  or  about  fifteen 
and  a  half  millions  sterling ;  the  average  for  the  same  period  in  Great 
Britain  would  give  sixteen  and  a  half  millions.  Can  the  power  and 
prosperity  of  either  country  at  that  period,  be  ascribed  to  the  mer¬ 
chant’s  gain  of  twelve  and  a  half  or  1 5  per  cent,  on  these  insignificant 
6ums  ?  ought  we  not  rather  to  look  for  it  in  the  excess  of  industry 
x)ver  expenditure,  in  the  200  or  225  millions  of  home  trade  ?  Es¬ 
pecially  when  it  is  considered  tliat  immediately  previous  to  the 
war  of  1793,  the  taxes  of  Great  Britain  (exclusive  of  Tythe,  Road> 
and  Poor  Tax)  amounted  to  near  20,  and  of  France  to  25  millions  ? 

\Ve  are  surprized  at  the  exertions  of  Great  Britain,  and  he? 
full  equality  in  power  to  France,  when  the  population  and  the  ter¬ 
ritory  of  the  latter  country  is  so  much  greater.  But  wc  shall  won¬ 
der  no  longer,  when  wc  consider  that  under  the  bold  expenditure 
of  farming  capital  in  Great  Britain,  the  quantity  of  agricultural 
produce  of  both  countries  is  nearly  equal,  and  the  manufacturing 
produce  of  the  latter  country,  much  greater.  Wealth  arises  from 
land,  and  labour,  and  capital,  being  employed  productively,  instead 
ot  land  being  kept  waste,  labour  unemployed,  and  capital  dissipated 
in  fruitless  luxury. 

But  let  us  turn  our  ryes  to  our  own  country'.  Our  population 
amounts  now  (1800)  to  about  five  millions.  Suppose  5  acres  per 
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head  cleared ;  a  proportion  not  too  large,  for  1  know  by  repeated 
calculation,  that  it  takes  at  least  three  acres  to  supply  the  food 
and  drink  of  a  labouring  man  here,  as  labourers  usually  live.  Then 
will  there  be  25  millions  of  acres  in  cultivation,  producing  an  aver¬ 
age  annual  value  of  5  dollars  per  acre,  or  23  millions  sterling.  The 
produce  of  timber,  lumber,  fuel,  cabinet-wood,  game,  See. — of  the 
fisheries  of  our  rivers  and  streams — of  home  manufacture  of  eve¬ 
ry  description,  may  be  reasonably  computed  at  one  fourth  more ; 
making  a  total  of  35  millions  sterling,  for  tlie  home  produce  of  the 
American  states. 

The  last  report  of  the  gross  amount  of  foreign  trade  (our  ex¬ 
ports)  was  61  millions  of  dollars,  of  which  33  millions  was  the  value 
of  produce  of -foreign  nations.  Our  own  foreign  tmde  then,  a- 
mounted  to  28  millions  of  dollars,  or  about  six  and  onc-fourth  mil¬ 
lions  sterling ;  while  the  gross  amount  of  mternal  produce  is  nearly 
six  times  that  sum. 

Such  was  the  state  of  things  about  1798,  1799. 

Hence  it  appears,  that  whether  we  look  at  England,  France, 
or  America,  the  gross  amount  of  the  home  trade  is  prodigiously 
beyond  that  of  the  foreign  trade ;  which  has  no  pretensions  to  be 
regarded  as  the  great  source  of  national  wealth. 

Sthly,  The  lands  of  America  stand  fiarticularly  in  need  of  cafii^ 
taU  When  I  state  this,  I  am  not  an  advocate  for  colonizing  the 
wilderness  two  thousand  miles  from  our  sea-board.  Our  frontier 
is  already  extended  beyond  all  reasonable  bounds.  But  the  space 
of  territory  we  might  prudently  populate,  is  not  half  peopled*^  or 
near  it.  Of  the  populated  part,  the  lands  are  not  half  cleared  ;  of 
the  cleared  lands  under  cultivation,  not  one  acre  in  a  hundred  is 
half  cultivated.  I  am  afraid  1  over  calculate,  when  I  mte  an  aver¬ 
age  wheat  produce  at  10  bushels,  most  certainly  not  half  the  aver¬ 
age  of  England.  1  Young’s  French  Tour,  343,  431,  gives  the  de¬ 
tails  that  shew  the  superior  produce  of  England  over  Finance,  to  be 
owing  to  the  greater  agricultural  capital  of  the  former  nation.  Un¬ 
der  these  circumstances,  it  is  not  prudent  to  foster,  and  encourage 
the  investment  of  capital  in  foreign  trade. 

6thly,  The  cafiital  of  the  foreign  irade^  is  more  jirecarious  than 
that  of  the  home  trade.  Precarious  from  the  hazard  of  storms, 
the  hazard  of  war,  the  hazard  of  failure  of  a  foreign  debtor,  living 
at  a  great  distance  and  under  foreign  jurisdiction.  The  very  idea 

*  New  England,  on  72,000  square  miles,  contained  1 1-4  millions  of  peo¬ 
ple  in  1800  :  not  18  to  a  miie. 


Political  Arithmetic. 


173 


of  insurance  companlea  is  commercial.  Hence,  if  the  same  capital 
could  be  employed  to  equal  profit,  national  and  individual  at  home, 
it  were  better  so  employed  than  abroad. 

Suppose  a  ship  lost  by  stonm,  by  depredation  upon  our  com¬ 
merce,  by  unjust  adjudication,  the  value  is  ^one  fiX)m  us,  it  is  an¬ 
nihilated.  It  is  true  the  merchant  may  lose  nothing — he  can  gene¬ 
rally  lay  his  losses  on  the  consumer.  Tiie  price  of  insuraiice  is 
part  of  the  price  of  the  commodities  insured.  Suppose  the  va¬ 
lue  of  a  cargo  laid  out  on  a  plantation,  in  building,  fencing,  making 
roads,  manuring.  See.  a  storm  may  destroy  tlie  crop,  as  well  as  the 
ship,  but  the  produce  of  the  year  only  is  lost;  the  capital  still  re¬ 
mains,  permanent  and  pix)ductive. 

rthly.  The  merchant^  and  all  the  fieofile  directly  emfiloyed  by 
himy  rank  among  the  unproductive  classes  of  society.  The  farmer, 
the  wood-cutter,  the  miner,  the  manufacturer,  the  fisherman, 
employs  his  capital  and  labour  in  producing  substantial  riches, 
some  commodity  of  value.  I  know  this  has  been  doubted  as  to  the 
manufacturer;  but  it  is,  in  my  opinion,  absurd  to  say  that  a  mill¬ 
wright,  a  saw-maker,  an  engineer,  and  all  who  convert  raw  mate¬ 
rials  ijito  labour-saving  articles,  arc  nut  of  the  productive  class ; 
and  eminently  so.  This  may  be  occasionally  the  case  with  the 
persons  in  question,  but  wc  arc  not  talking  of  exceptions  to  a  gcnc- 
\  al  rule,  but  of  the  rule  itself. 

The  merchant,  the  agent,  tljc  factor,  the  retailer,  the  clerk, 
the  captain,  the  seamen,  are  cm{3!oycd  in  arraiiglng,  assorting, 
dividing,  transporting  what  has  been  already  produced  by  the 
capital  and  labour  of  oliicrs.  If  produce  be  (as  it  clcaidy  is)  the 
real,  the  only  riches  of  a  country,  wc  ought  to  aim  at  ciicrcasing 
it,  and  encourage  (if  the  system  of  encouragement  be  adopted  at 
all)  th.c  employments  that  arc  productive,  rather  tlian  those  that 
are  not  so.  All  these  people  arc  usefully  employed  under  the 
system  of  commerce  ;  but  it  formsa  ch’avvback  to  that  system,  that 
so  many  persons  are  unproiluctlvcly  employed.  I  am  aware  of 
the  objection,  where  will  you  find  a  market  ?  There  is  nevci’ 
want  of  a  market  in  a  new  settlement:  you  canma.tr  your  markeU 
by  manufacturing  a  great  part  of  what  you  buy.  When  provisions 
become  a  drug,  manufacture  starts  up,  and  population  abounds. 
This  is  tiie  most  desirable  and  most  permanent  order  of  things, 
because  nature  herself  has  pointed  it  out. 

8thly,  Mercantile  success  tempts  to  imprudent  expenditure  and 
■speculation.  It  is  no  slight  objcctien,  that,  while  by  the  peaceful 
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labours  of  agriculture,  gains  can  be  made  but  slowly,  gradually, 
and  by  the  regular  exertions  of  habitual,  wholesome  industiy — the 
commci  cial  speculator,  often  gets  rich  by  accident,  by  imprudent 
and  unfair  venturing,  by  sudden  exertions.  Wealth  thus  sudden¬ 
ly  obtained,  is,  in  many  respects,  detrimental  to  the  community.  It 
operates  as  a  lottery  :  it  tempts  capital  into  trade  beyond  piudcnt 
bounds:  it  entices  to  unjustifiable  l)oldness :  it  too  often  intio- 
duces  ostentatious  luxury,  not  warranted  by  the  sober  dictates  of 
moderate  and  regular  gains. 

9thiy.  The  merchant  in  of  no  country.  That  is,  he  is  not  necc  s- 
aarily  attached  to  any.  Ilis  connections  arc  as  much  out  of  his 
native  country,  as  in  it ;  he  has  frequently  inducements  to  sojourn 
abroad :  the  domicil  of  nativity,  and  the  mercantile  domicil,  arc 
so  often  different,  that  the  distinction  with  the  privileges  belonging 
to  it,  arc  recognized  and  settled  in  the  laws  of  all  commercial 
countries.  His  property  is  moveable,  transportable ;  that  is  his 
country,  where  his  interest  calls  him,  where  his  means  of  gain 
have  located  his  investments.  Where  the  treasure  is,  there  will 
the  heart  be  also. 

Nor  is  it  to  be  expected  that  mercantile  speculations,  will  be 
voluntarily  regulated  by  national  expedience.  It  is  the  Uitrehant’s 
business  to  attend  to  his  own  concerns ;  let  the  goveniors  ol  the  nation 
attend  to  the  national  concerns.  Of  what  consequence  is  it  to  iLt 
merchant,  at  what  expense  the  commerce  of  his  country  is  sup¬ 
ported  ?  the  nation,  the  home  consumer,  pays  for  ail.  Increased 
rxpcnccs  are  always  and  reasonably  laid  on  the  price  of  the  commo¬ 
dity  :  the  merchant  therefore  cares  little  about  them,  provided  they 
are  common  to  the  body  of  merchants.  It  is  his  interest  to  mag¬ 
nify  the  great  iinpoilance  of  foreign  commerce;  to  obtain  pioUc- 
tionfor  it  though  at  ten  times  its  value  to  the  nation;  to  engage 
government  on  his  side  ;  and  this  unfortunately  he  is  generaiiy 
enabled  to  do,  by  his  impoitance  to  revenue,  to  loans,  to  banks,  to 
finance  operations  ;  men  in  power  and  merchants  are  alw  ays  allies. 
However  clear  sighted  as  an  individual,  the  statesman^  sees  liO- 
Ihing  but  revenue.  The  merchant  sees  and  steadily  pursues  his 
ow'n  interest.  Is  not  this  too  natural  to  be  blameable  ? 

Moreover,  the  merchant’s  occupation  is  always  liable,  not  only 
to  the  temptation  of  illicit  pursuit,  but  to  the  jealousies  of  foreign 
mercantile  interests,  to  quarrels  and  controversies  involving  nation- 
nil  feeling.  Let  Uic  reader  reflect  on  the  cover  our  piofesscd  ncu- 
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tralUf  Has  afforded,  during  these  seven  years  of  continental  war 
(1793  to  1800)  for  illicit  trade,  for  jealousy,  for  complaint,  for  at¬ 
tack,  for  real  and  for  pretended  retaliation. 

From  all  these  objections,  the  home  trade  is  free.  The  home 
.  trader  is  fixed  ;  he  has  his  all  at  stake  in  the  country  he  lives  in; 
he  can  have  no  interest  out  of  it ;  he  can  be  counted  upon ;  foreign 
Interests,  and  foreign  governments  have  no  hold  on  him ;  he  has 
neither  tfie  temptation,  the  means,  the  opportunity,  or  the  inclma* 
tion  of  doing  national  mischief,  or  giving  cause  for  national  offence, 
or  giving  rise  to  national  quarrels  ;  in  the  common  course  of  things, 
and  necessarily,  his  interests  and  his  country’s  interests  are  coin¬ 
cident  ;  his  gains  arc  his  country’s  gains ;  whatever  capital  he 
employs,  stimulates  not  foreign  but  home  industry ;  it  is  employ¬ 
ed  in,  and  upon,  and  for,  his  own  nation  and  national  territory ;  all 
his  affections  and  associations  arc  connected  with  home,  and  cen¬ 
tre  there. 

lOthly,  Commerce  has  never  paid  the  interest  of  the  expensive 
v^ars  it  has  induced.  It  is  useless  to  examine  this  question  by  the 
example  of  many  of  the  maritime  countries  of  Europe.  The  in¬ 
ferences  from  Britisli  facts,  will  suffice  :  ex  uno  disce  omnes. 

Sir  John  Sinclair  states  the  commercial  wars  of  George  II. 
and  George  III.  (2  Hist,  of  the  public  revenue,  99) as  follows: 
war  of  1739,  46,tl8,689/. ;  war  of  1756,  111,271,996/.:  American 
w’ar,  139,171,876/. :  Russian  and  Spanish  ai-maments,  2,31 1,385/. : 
Total, 299,  173,946,  or,  in  round  numbers,  300  millions  sterling. 

Gtivernment  has  borrowed  at  rates  from  4  1-2  to  5  1-2  per  cent. 
Now  I  should  be  glad,  if  any  advocate  of  tlie  commercial  system 
could  point  out  to  me,  when  Great  Critain  ever  made,  or  when  she 
is  likely  to  make  15  millions*  profit  on  a  year’s  export! 

But ;  the  fifteen  million  annual  taxes  thus  permanently  saddled 
on  the  country  in  support  of  the  commercial  system,  is  not  all.  On 
tlic  20th  of  Dec.  1792,  parliament  granted  as  supplies  for  the 
navy,  for  1793,  somewhat  above  4  millions  sterling.  A  sum  that 
has  annually  cncreased  tiver  since  that  time :  but  I  confine  myself 
to  the  peace  establishment.  I  well  know  that  a  navy  is  necessary 
to  Great  Britain  as  a  means  of  defence,  but  not  such  a  navy  :  Her 
navy  is  not  employed  in  home  defence,  nor  a  fouilh  part  of  it. 
Tne  East  Indies,  the  West  Indies,  the  Mediterranean,  the  wdiole 
world  dotted  over  with  her  commercial  colonies,  call  for  it.  I  am 
greatly  within  bounds,  if  I  state,  that  two  of  the  four  millions  is  to  be 
regularly  cliargcd  to  her  commercial  system.  Look  into  the  mis- 
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Cellancous  services  for  the  same  year,  and  yon  may  pick  out  about 
half  a  million  more  that  ^es  to  the  debit  of  the  same  account.  Ad¬ 
mirable  system !  which  purchases  an  annuity  of  3  millions  and  a 
half  at  the  certain  expence  of  an  annuity  of  17  millions,  and  the  pro¬ 
bable  expence  of  as  much  more.  For  war  and  commerce  are  stea¬ 
dy  companions.* 

I  say  nothing  as  to  the  East  India  Company.  That  conccni  is 
insolvent. 

Much  indeed  of  all  this  expence  has  been  owing  to  the  system 
of  colonization :  but  colonization  is  the  immediate  offspring  of  fo¬ 
reign  commerce,  whose  life  and  soul  on  the  modem  system  is 
monopoly.  I  am  decidedly  convinced  that  colonies  are  millstones 
round  the  neck  of  every  European  nation  that  has  fostered  them  ; 
the  very  worst  part  of  the  system  of  Commerce.  I  am  sorry  to 
say,  that,  much  of  the  calculations  which  demonsti*ate  this,  are  i 
applicable  to  the  conduct  of  the  United  States,  in  their  mode  of  | 
peopling  the  v/ildemess  of  America.  The  frontier  is  extended  j 
till  the  strength  of  the  country  is  weakened.  I  almost  doubt  if  we  i 
are  at  this  moment  so  competent  to  meet  hostilities,  as  at  the  be-  < 
ginning  of  the  revolutionary  war.  j 

1  Ithly,  The  modern  system  of  forcigyi  commerce^  ia  the  most 
jiroductive  source  of  human  misery. 

Almost  all  modem  wars  arc  fiurely  commercial :  none  of  them 
arc  free  from  commercial  motives  and  considerations.  Would  to 
God  the  means  existed  of,  easily,  cheaply,  and  surely  destroying  a 
ship  of  war  !  The  quarrels  of  nations  are  no  longer  local.  Sting  the 
pride,  or  touch  the  interest  of  England  or  France,  and  devastation 
extends  at  once  to  every  quarter  of  the  globe  !  I 

It  was  not  belter  two  centuries  ago,  when  the  colonizing  and  j 
commercial  system  to  rage.  Turn  your  eyes  to  the  con¬ 

duct  of  the  Spanish  in  South  America — the  Portuguese  in  Africa 
— tiie  British  and  Dutch  in  the  East  Indies — to  the  slave  ti*adc, 
that  disgrace  of  humanity,  and  say  if  this  position  requires  farther 
proof. — 

12lhiy,  The  most  flourishing  .fjiojiulous^  and  best  cultivated  farts 
of  Euro/iCy  are  not  maritime  or  commercial.  I  except  Hollard  ; 
that  is  not  a  country  but  a  city  of  merchants ;  driven  into  the  sys- 

*  Tliijj  is  not  much  unl’.ke  the  infatuation  of  Cireat  Uritaln  as  to  the  woollen 
tr.alc.  It  seems  to  me  provedy  tiut  the  whole  commercial  profit  of  that  avari¬ 
cious  manufacture,  hay  been  ti.kcn  from  the  pocket  of  the  English  farmer,  who 
hashceii  prolilhitcd  from  exporting  his  wool.  15 at  the  fanner  is  an  animal, 
•’.'hom  ths  Ttif'rchar.t  and  ^he  :i!uuufac1urcr  can  shear  with  impunity. 
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tern  6f  foreiipi  commerce  and  the  carrying  trade  by  their  maritime 
situation ;  they  had  no  other  resource,  for  they  possess  compara¬ 
tively  no  territory. 

I  select  the  following  from  Jameson’s  Political  Geopraphy, 
which  I  prefer  to  Zimmerman’s.  The  first  table  contains  the  ma¬ 
ritime  and  commercial  nations,  with  the  inhabitants  upon  a  square 
mile.  The  second  table  contains  the  states  which  enjoy  little  or  no  fo¬ 
reign  commerce,  with  the  inhabitants  on  a  square  mile  in  those  states. 


Table  First. 

Great  Britain  and  Ireland, 

111 

Second  Table, 
The  whole  of  Germany, 

135 

Great  Britain,  .  -  - 

119* * * § 

Palatinate  of  the  Rhine  > 

134 

England  and  Wales, 

150t 

with  Bavaria,  5 

Ireland, 

109 

Electorate  of  Saxony, 

150 

Scotland, 

59 

French  acquisition  on  the  > 

200 

F  ranee, 

I57t 

left  bank  of  the  Rhine,  5 

Spain, 

70 

Piedmont, 

240 

Portugal, 

72 

The  Milanese  and  Aus-  > 

240  § 

Denmark, 

13 

Irian  Italy,  **  “  $ 

Sweden, 

14 

The  Pope’s  State,  ^ 

160 

European  Russia, 

17 

Republic  of  Venice, 

193. 

To  which  it  will  not  be  unfair  to  add  the  empire  of  China  with 
no  foreign  trade,  but  pennitting  every  nation  on  payment  of  duties 
to  fetch  away  her  Commodities,  333  per  square  mile.  To  say  no¬ 
thing  of  the  inland  country  of  India,  equally  populous,  by  the  cul¬ 
tivation  of  the  earth,  and  internal  manufacture.*? 

I  may  assert  further,  as  a  known  fact  to  European  travellers  or 
readers  of  travels,  that  the  public  monuments  of  art  and  apparent 
w'calth  of  the  second  table,  exceed  the  first. 

ISthly,  The  Commercial  nationff  ha-ve  unirormly  fallen  before  the 
Agriciiltaral  nations. 

*  Zimmerman. 

f  This  is  far  too  gre.it,  being  calculated  on  a  surface  of  79,712  square  miles, 
whereas  the  report  of  the  Committee  of  waste  lands,  bjthre  quoted,  make  a 
surface  of  seventy-three  and  one-fourth  millions  of  acres,  or  about  114,5  )0 
squai'C  miles,  or  about  1J6  to  a  square  mile.  There  are  in  fact  not  so  many. 
Distribute  11  millions  of  souls  over  114,500  square  miles.  All  the  preceding 
oulculations  are  therefore  too  high  for  the  same  reason. 

i  This  is  too  higli,  being  calculated  on  a  surface  of  157,924  square  miles, 
whereas  Neckar  and  Young  allow  '205,816  square  miles  to  old  France. 

§  Young  states  the  Milanese  at  354  per  square  mile. 

T  Inland  towns  of  2  or  3  millions  of  people,  have  not  been  uncommon  in  In¬ 
dia.  Visapour,  an  inland  town,  contained  at  one  time  near  a  million  of  houses, 
lee  Captain  Mooro^  narrrtivt. 
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Antlently,  T yrc,  Sidon,  Carthage,  before  the  Macedonians  and 
Romans:  Athens  subdued  by  Lacedaemon:  Corintli,  Syracusei 
Alexandria,  by  the  Romans :  Byzantium,  by  the  followers  of  Ma* 
hornet.  Where  are  Venice,  Geneva,  the  Hans  Towns,  Holland  ? 
Ill  commercial  nations,  surplus  wealth  is  mostly  expended  in  ar¬ 
ticles  of  luxurious  consumption,  qux  ipso  usu  consumuntur^  and 
yield  no  profit. 

In  agricultural  countries,  a  far  greater  portion  is  spent  in  sub¬ 
stantial  improvements  on  estates  ;  in  luxuries  perhaps,  but  in  per¬ 
manent  and  productive  luxuries.  Hence  provisions  are  cheap, 
population  thick  ;  the  raw  materials  of  warfare  easy  to  be  found. 

Wiiat  then  are  wc  to  conclude  ?  Pi*ohibit  commerce  ?  Refuse 
protection  to  our  citizens  engaged  in  lawful  occupations  ?  Are  not 
our  merchants  as  much  entitled  to  defence  as  any  other  class  ?  No. 
Piohibit  nothing:  but  protect  no  speculation,  no  investment  of 
capital  at  an  expence  beyond  its  national  value. 

If  wars  are  necessarily  attendant  ujion  commerce,  it  is  far  wisef 
to  dispense  with  it ;  and  imitate  the  nations  who  have  flourished 
without  foreign  trade.  Those  who  want  your  commodities  will 
fetch  them  aw’^ay.  If  they  will  go  to  China  for  tea-cups,  tliey  w  ill 
come  to  America  for  bread.  But  if  your  merchants  chusc  this 
mode  of  investing  their  capital,  do  not  forbid  them.  Let  them  do 
it  like  other  adventurers,  at  their  ow  n  risk.  While  it  is  profitable, 
let  them  pursue  it ;  but  should  the  quarrels  of  other  nations,  ren¬ 
der  it  unprofitable,  do  not  bolster  it  up  by  the  bounty  of  protection, 
at  an  expence  of  ten  times  its  value,  and  at  the  hazard  even  of 
national  existence.  Foreign  trade  with  peace  is  desirable,  but  not 
so  if  it  be  the  parent  of  war. 

All  wars  should  be  defensive  wars,  and  those  only  :  pro  aris  et 
focis^  for  our  houses  and  homes.  Can  we  call  a  w  ar  undeitaken  to 
protect  a  mercantile  speculation  5000  miles  off,  a  defensive  war  ? 

At  any  rate,  sit  down  and  count  the  cost.  If  the  expcnce  of 
fencing  my  garden  lot  against  depredation,  will  exceed  the  value 
of  the  ground,  and  involve  me  in  a  law  suit  into  the  bargain,  I  had 
better  let  it  remain  uncultivated. 

If  any  profession  is  to  be  fostered,  let  it  be  the  tiller  of  the 
earth :  the  fountain-head  of  all  wealth,  of  all  power,  and  all  pros¬ 
perity.  Improve  your  roads,  clear  your  rivers,  cut  your  canals, 
build  your  bridges,  establish  schools  and  colleges,  facilitate  inter¬ 
course,  and  diffuse  knowledge  of  all  kinds.  No  fear  but  if  you  raise 
produce  and  people,  they  will  find  theii'  market,  either  at  home  or 
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niLbroad.  It  will  soon  be  discovered,  wuat  articles  are  most  wanted, 
What  are  most  profitable,  and  these  wiii  be  supplied.  On  this  sim¬ 
ple  plan  of  home  defence^  wars  may  be  avoided,  for  what  nation 
would  or  could  invade  this?  But  on  the  system  of  foreign  com¬ 
merce,  the  misconduct  of  your  own,  or  of  foreign  merchants,  will 
forever  make  peace  insecure.  Even  your  honourable  successes 
will  be  causes  of  jealousy  to  other  natioiis  whose  councils  are  gui¬ 
ded  by  mercantile  policy,  and  the  maxims  of  the  counting  house. 
Ou  tliat  system,  wars,  debts,  taxes,  and  despotism  will  be  inevitable, 

T.  C. 


SUGAR  FROM  BEETS  AND  GRAPES. 

I  observe  in  some  late  numbers  of  the  Moniteur,  that  to  April 
1812,  (Monit.  of  19th  April  of  that  year)  two  hundred  and  lour* 
teen  licenses  had  been  taken  out  for  the  manufacture  of  sugar  from 
beets  in  France  ;  hence  I  presume  it  must  be,  not  only  a  practica¬ 
ble,  but,  in  that  country,  a  profitable  concern,  or  the  tax  would  not 
be  paid  for  the  license. 

Klaproth,  who  repeated  Achard*s  experiments  on  this  sub¬ 
ject  at  Berlin,  procured  from  25  beet-roots,  which,  when  top¬ 
ped  and  scraped,  weighed  32  l-2lb.  19  3-4lb.  of  juice  by  expres¬ 
sion.  The  squeezed  residuum  was  boiled  in  water,  and  again  pres¬ 
sed.  The  liquors  added  together  were  boiled  to  a  syrup,  strained 
and  slowly  evaporated.  The  raw  sugar  amounted  to  21b.  and  12 
•unces. 

The  king  of  Prussia,  in  the  fall  of  1799,  appointed  a  committee 
to  repeat  these  experiments.  They  did  so.  From  I500lb.  of 
beet-root,  tliey  produced  3931b.  of  syrup;  which  yielded  57ib.  of 
tolerably  white  powder  sugar. 

I  mention  this,  not  to  recommend  the  substitution  of  beets  for 
the  sugar  cane,  though  I  hope  we  shall  soon  substitute  Louisiana 
for  the  West  Indies  ;  but  to  suggest  a  query,  whether  the  expres¬ 
sed  juice  of  beets,  would  not  be  a  profitable  article  to  distill  ? 

The  French  also,  procure  sugar  from  the  syrup  of  gmpes. 
(Appercus  des  rcsultats  obtenus,  &c.)  “  Practical  view  of  the 
results  obtained  from  the  syrup  and  conserve  of  grapes  in  France^ 
during  the  years  1810  and  1811,  by  M.  Pannentier,  published  by’’ 
grder  of  government — price  5  francs.** 
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Antiently,  Tyre,  SidoD)  Carthage,  before  the  Macedonians  and 
Romans :  Athens  subdued  by  Lacedaemon :  Corinth,  Syracuse, 
Alexandria,  by  the  Romans :  Byzantium,  by  the  folloriv'ers  of  Ma¬ 
homet.  Where  are  Venice,  Geneva,  the  Hans  Towns,  Holland  ? 
Ill  commercial  nations,  surplus  wealth  is  mostly  expended  in  ar¬ 
ticles  of  luxurious  consumption,  qua  ipso  usu  consumuntur,  and 
yield  no  profit. 

In  agricultural  countries,  a  far  greater  portion  is  spent  in  sub¬ 
stantial  improvements  on  estates  ;  in  luxuries  perhaps,  but  in  per¬ 
manent  and  productive  luxuries.  Hence  provisions  are  cheap, 
population  thick  ;  the  raw  materials  of  warfare  easy  to  be  found. 

What  then  arc  wc  to  conclude  ?  Prohibit  commerce  ?  Refuse 
protection  to  our  citizens  engaged  in  lawful  occupations  ?  Are  not 
our  merchants  as  much  entitled  to  defence  as  any  other  class  ?  No. 
prohibit  nothing :  but  protect  no  speculation,  no  bivestmcnt  (£ 
capital  atancxpcnce  beyond  its  national  value. 

If  w  ars  are  necessarily  attendant  upon  commerce,  it  is  far  wiser 
to  dispense  with  it ;  and  imitate  the  nations  who  have  flourished 
without  foreign  trade.  Those  who  want  your  commodities  will 
fetch  them  away.  If  they  will  go  to  China  for  tea-cups,  they  will 
come  to  America  for  bread.  But  if  your  merchants  c/iusc  this 
mode  of  investing  their  capital,  do  not  forbid  them.  Let  them  do 
it  like  other  adventurers,  at  their  ow  n  risk.  While  it  is  profitable, 
let  them  pursue  it ;  but  should  the  quarrels  of  other  nations,  ren¬ 
der  it  unprofitable,  do  not  bolster  it  up  by  the  bounty  of  protection, 
at  an  expence  of  ten  times  its  value,  ar*d  at  the  hazard  even  of 
national  existence.  Foreign  trade  with  peace  is  desirable,  but  not 
so  if  it  be  the  parent  of  w  ar. 

All  wars  should  be  defensive  wars,  and  those  only ;  pro  aria  et 
focia^  for  our  houses  and  homes.  Can  we  call  a  war  undertaken  to 
protect  a  mercantile  speculation  5000  miles  off,  a  defennive  war? 

At  any  rate,  sit  down  and  count  the  cost.  If  the  expcnce  of 
fencing  my  garden  lot  against  depredation,  will  exceed  the  value 
the  ground,  and  involve  me  in  a  law  suit  into  the  bargain,  1  had 
better  let  it  remain  uncultivated. 

If  aiiy  profession  is  to  be  fostered,  let  it  be  the  tiller  of  the 
earth :  tlie  fountain-head  of  all  wealth,  of  all  power,  and  all  pros¬ 
perity.  Improve  your  roads,  clear  your  rivers,  cut  your  canals, 
build  your  bridges,  establish  schools  and  colleges,  facilitate  inter¬ 
course,  and  diffuse  knowledge  of  all  kinds.  No  fear  but  if  you  raise 
produce  and  people,  they  will  find  their  market,  cither  at  home  or 
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ubruad.  It  will  soon  be  discovered,  what  articles  are  most  wanted, 
tvhat  are  most  profitable,  and  these  will  be  supplied.  On  this  sim¬ 
ple  plan  of  homti  defence ^  wars  may  be  avoided,  for  what  nation 
would  or  could  invade  this?  But  on  the  system  of  foreign  com¬ 
merce,  the  misconduct  of  your  own,  or  of  foreign  merchants,  will 
forever  make  peace  insecure.  Even  your  honourable  successes 
will  be  causes  of  jealousy  to  other  nations  wiiose  councils  arc  gui¬ 
ded  by  mercantile  policy,  and  the  maxims  of  the  counting  house. 
On  that  system,  wars,  debts,  taxes,  and  despoiisin  wiil  be  inevital^le. 

T.  C. 

SUGAR  FROM  BEETS  AND  GRAPES. 

I  observe  in  some  late  numbers  of  the  Moniteur,  that  to  April 
i8l2,  (Monit.  of  19th  April  of  that  year)  two  hundred  and  lour*- 
teen  licenses  had  been  taken  out  for  the  manufacture  of  sugar  from 
beets  in  France  ;  hence  1  presume  it  must  be,  not  only  a  practica¬ 
ble,  but,  in  tliat  country,  a  profitable  concern,  or  the  tax  would  iiot 
be  paid  for  the  license. 

Klaproth,  who  repeated  Achard’s  experiments  on  this  sub¬ 
ject  at  Berlin,  procured  from  25  beet-roots,  which,  wnen  top¬ 
ped  and  scraped,  weighed  32  l-2!b.  19  3-tlb.  of  juice  by  expres¬ 
sion.  The  squeezed  residuum  was  boiled  in  water,  and  again  pres¬ 
sed.  The  liquors  added  together  were  boiled  to  a  syrup,  strained 
and  slowly  evaporated.  The  raw  sugar  amounted  to  21b.  and  12 
•unces. 

The  king  of  Prussia,  in  the  fall  of  1799,  appointed  a  committee 
to  repeat  these  experiments.  Tliey  did  so.  From  15001b.  of 
beet-root,  they  protluced  3931b.  of  syrup;  wbicb  yielded  57ib.  of 
tolerably  white  powder  sugar. 

I  mention  this,  not  to  recommend  the  substitution  of  beets  for 
the  sugar  cane,  though  I  hope  we  sliall  soon  substitute  Lf)uisiana 
for  the  West  Indies  ;  but  to  suggest  a  query,  whether  the  expres¬ 
sed  juice  of  beets,  would  not  be  a  profitable  article  to  distill  ? 

The  French  also,  procure  sugar  from  the  syrup  of  gi’apcs. 
(Appercus  dcs  rcsultals  obtenus,  8cc.)  “  Practical  view  of  the 

results  obtained  from  the  syrup  and  conserve  of  grapes  in  Fi'ancc, 
during  the  years  1810  and  1811,  by  M.  Parmenlicr,  published  by 
order  of  government — price  5  fraiKs.’* 
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BURNING  GLASSES. 

A  remarkably  large  parabolic  lens  was  recently  purchased  al 
Vienna,  for  tlic  Fmich  government.  It  was  made  at  Gratz,  in 
Styria,  by  Rospine,  a  celebrated  mechanist,  for  some  alchemist.  It 
was  not  cast,  b\it  softened  by  heat  and  bent  over  a  parabolic  mould. 
Several  pieces  w'ere  broken  before  he  succeeded  ;  so  that  it  cost 
originally  from  800  to  1200  guineas.  It  is  three  feet  three  inches 
in  diameter,  and  of  eight  feet  four  inches  focus ;  composed  of  2 
pieces  of  glass  united  together  by  an  iron  hoop  so  as  to  form  a  hol¬ 
low  vessel,  capable  of  holding  eighty  or  ninety  quarts  of  spirits  of 
wine.  M.  Jacquin,  of  Vienna,  and  several  men  of  science,  who 
witnessed  the  experiments,  declared,  that  it  burned  a  diamond  in  a 
few  seconds,  and  fused  platina  in  a  few  minutes.  A  button  of  pla- 
lina  weighing  twenty -nine  gi-ains,  was  melted  by  it,  and  made  in 
part  to  boil.  The  diameter  of  the  focus  does  not  appear  to  exceed 
four  lines.  It  weighs  550lbs.  avoirdupois.  London  Pa fi. 

This  seems  to  me  to  be  an  improvement  in  the  manufacture  of 
lenses. 

Of  burning  glasses.  I  have  examined  the  question  conceni- 
ing  the  burning  glasses  of  Archimedes.  It  rests  ujx)!!  vague  and 
second  hand  authority.  Polybius  says  nothing  of  it :  nor  Livy, 
nor  Plutarch.  There  is  not  authority  sufficient  for  the  story  of  the 
burning  glasses  of  Proclus.  Such  feats  may  have  been  done ; 
there  is  no  clear  testimony  to  warrant  our  assertion  that  they  were 
done. 

In  modem  times,  tlie  glasses  of  Villctte,  Tchimliauscn,  Buf- 
fon,  Trudaine,  and  Parker  arc  w  ell  known.  That  of  M.  Trudaine 
made  at  the  expence  of  1000/.  sterling  and  presented  by  him  to  the 
Academy  of  sciences  was  constructed  somew  hat  on  the  principle 
of  the  above  mentioned  lens.  Two  concave  glasses,  joined  by 
their  edges  so  as  to  present  a  cavity  of  4  feet  diameter,  filled  w  ith 
140  French  pints  of  spirit  of  w  ine.  It  w  as  broken  by  accident  soon 
after  it  was  presented.  In  the  glass  above  rhcniioncd  made  at  Vi¬ 
enna,  the  improvement  seems  to  be,  the  bcncling  the  plane  glasses 
by  gradual  heat,  over  the  mould. 

Parker’s  lens,  made  at  the  expence  of  700/.  sterling,  was  sold 
by  him  for  less  than  prime  cost,  and  carried  out  by  Lord  Macart¬ 
ney  as  a  present  to  the  emperor  of  China,  to  be  placed  among  the 
toys  of  that  childish  court.  This  wras  clearly  the  best  lens  ever 
^constructed  ;  and  it  is  a  disgrace  to  the  nation,  that  Mr.  Paj*ker 
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was  obliged  so  to  dispose  of  it ;  and  that  a  philosophical  instrument, 
th  j  finest  of  the  kind  the  world  had  yet  seen,  should  have  been  so 
cgregiously  thrown  away. 

Tiie  blow  pipe,  supplied  with  hydrogen  and  oxygen  gasses, 
affords  a  degree  of  heat  nearly  equal  to  the  best  burning  glass. 


Dr.  Bollman,  who  has  so  ably  discussed  (but  not  exhausted) 
the  question  of  banks  and  paper  money,  has  succeeded,  in  manu<« 
factoring  Platina  into  bars,  wire,  spoons,  and  crucibles.  I  do  not 
know  his  process,  which  he  has  a  right  to  reserve  for  his  own 
emolument.  The  common  method  is,  to  dissolve  the  platina  in 
nitro-muriatic  acid,  to  precipitate  it  with  sal-ammoniac  ;  to  redis- 
solve  and  reprccipitatc  this  orange-coloured  oxyd  of  platina ;  to 
put  it  when  dry  into  a  crucible  without  addition,  unless,  pcrliaps, 
of  lamp  black.  It  is  exposed  to  a  strong  heat  till  it  becomes  ag¬ 
glutinated  in  a  spongy  mass.  This  spungy  mass  while  strongly 
heated,  is  pressed  down  with  as  much  force  as  the  crucible  will 
admit,  and  this  is  continued  till  the  parts  approximate.  The 
mass  is  then  taken  out,  and  hammered  gradually  and  gently,  till 
it  unites  in  an  uniform  mass,  and  is  then  rolled.  Tiiis,  I  say,  is 
the  common  method. 

Dr.  Bollman’s  platina,  is  of  specific  gravity  19,7  the  same  as 
gold.  Mr.  Cloud,  of  the  mint,  to  wliom  we  are  indebted  for  much 
useful  and  curious  knowledge  on  platina,  and  the  methods  of  puri¬ 
fying  it,  has  freed  it  from  the  iron,  palladium,  iridium,  aiul  rho¬ 
dium,  so  that  his  specimen  of  fiurc  platina,  is  upwards  of  21  spec, 
grav.  1  give  this  notice  with  great  satisfaction,  in  hopes,  that 
Dr.  Bollman  may  benefit  by  it,  as  well  as  the  public.  He  is  en¬ 
titled  so  to  do. 

The  same  gentleman  has  also  succeeded,  in  a  small  w'ay,  in 
purifying  the  pyroligneous  acid,  so  as  to  make  it  a  substitute  for 
distilled  vinegar:  a  manufacture, attended,  as  I  hear,  with  great 
success  in  France.  In  England,  tiic  pyroligneous  acid  (the  acid 
liquor  poduced  from  wood  by  distillation)  has  long  been  applied  in 
the  large  w'ay,  to  the  making  of  iron  liquor,  for  the  dyers  and  prin 
ters  of  EonrJon  and  Manchester. 
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CAST  IRON, 

It  has  been  mentioned  that  cast-iron,  when  at  a  certain  degree 
of  heat,  may  be  cut  like  a  piece  of  wood,  with  a  common  saw. 
The  discovery  was  announced  in  a  letter  from  M.  Duford,  direc¬ 
tor  of  the  iron-works  at  Montalaire,  to  M.  D’Arcct,  and  published 
in  the  Annales  de  Chimic.  This  experiment  was  tried  at  Glas* 
gow,  on  Monday  se’miight,  with  complete  success,  by  a  gentle¬ 
man  of  the  philosophical  society  tliere,  who,  in  preseixe  of  the 
W'orkmen  belonging  to  an  ironmonger,  cut  with  tiie  greatest  ease, 
a  bar  of  cast-iron,  previously  heated  to  a  cherry  red,  with  a  com¬ 
mon  cai’pentcr’s  saw,  in  the  course  of  less  than  two  muiutes.  The 
saw  was  not  in  the  least  injured  by  the  operatiou. 

NOTICE  TO  CORRESPONDENTS. 

I  have  received  a  letter  signed  O.  E.  on  turpike  roads.  The 
only  reason  why  it  is  not  published  in  the  present  number,  is,  be¬ 
cause  1  wish  to  say  sometliingon  the  subject  myself,  in  addition  to 
O.  E*s  paper,  for  which  I  thank  him. 

An  accident  has  prevented  my  inserting  the  analysis  of  the 
limestones,  transmitted  to  me  by  Judge  Peters.  I  have  to  repeat 
tiic  experiments  in  consequence  of  tliis.  1  will  endeavour  to  insert 
tlieni  in  the  next  number. 

A  correspondent  of  the  Emporium  enquires,  whetlier  and 
when  it  is  intended  to  give  papers  on  tlie  dyiiig  ot  cotton.  If  I 
continue  to  conduct  this  Emporium,  I  shall  endeavor  to  present 
the  information  I  have  collected,  in  a  way  as  little  clesultorj’  as 
possible.  I  know  that  the  generality  of  readers,  love  to  see  a  pam¬ 
phlet  that  treats  on  twenty  subjects  at  once  ;  but  as  I  really  mean 
to  make  this,  if  I  can,  a  collection  worth  preserving,  I  will  not 
go  on  in  that  way,  by  which  no  connected  information  can  be  given. 
To  make  a  medley  of  this  kind,  I  have  nothing  to  do  but  to  mark 
with  my  pencil  the  essays  I  choose  to  pillage  from  British  com¬ 
pilations,  and  give  the  books  to  the  pr’mter.  I  wdll  not  do  this. 

I  propose  to  draw  up  regular,  connected  essays  on  manufac¬ 
turing  processes ;  composing,  compiling,  selecting,  abridging,  and 
ari’anging,  in  the  best  manner  I  am  able.  This  trouble  I  might 
easily  save  myself  by  pursuing  the  common  method,  and  make 


Miscellaneous.  183 

the  book  m  all  probability  more  popular.  But  it  would  neither  be 
\iseful  to  the  public,  nor  creditable  to  myself. 

T wo  thirds,  or  thereabout,  of  every  number  shall  be  devoted  to 
essays  on  the  manufactures  connected  with  iron,  steel,  lead,  cop¬ 
per,  tin,  silver,  gold,  and  the  other  metals  and  semi-metals.  1  will 
then  proceed  to  the  subjects  of  bleaching,  dying,  and  printing  ; 
the  making  of  colours  and  of  di’ugs ;  to  brewing,  distilling,  and 
other  subjects  of  manufacture,  concerning  which  I  have  already 
made  my  collections.  From  one  half  to  one  third  of  each  number 
shall  be  devoted  to  miscellaneous  articles.  Like  other  labourers  in 
the  same  field,  I  shall  depredate  in  all  quarters,  and  borrow  where 
1  can ;  still,  the  work  shall  bear  evident  marks  of  my  own  labour 
'  upon  it.  T.  C. 


Alexander  8c  Pliillips,  Printers,  Carlisl*. 
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